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A longstanding aim of education efforts to position students as knowledge constructors so 
they are engaged in the building and shaping their learning environment. Current education 
reforms situate student sensemaking around authentic science inquiries where students are 
engaged in the practices of science. In the science classroom, this means students are poised to 
figure things out by asking questions, carrying out investigations, and constructing models so 
that are positioned to do the intellectual work. However, structuring classroom environments so 
that students have more authority with respect to their learning is challenging. Much of this work 
has centered on how these learning environments are designed, or function theoretically. But less 
is known about how teachers support students to participate with intellectual authority in real 
time: What does it look like when a teacher effectively develops students’ intellectual authority? 
 In this dissertation, I answer this question by identifying the epistemic messages about 
learning that one teacher communicates to his students about the kind of ideas that deserve space 
in the classroom.  A theoretical construct, epistemic messages are the implicit messages a teacher 
sends about the nature of knowledge and learning. How students make sense of what knowledge 
is valued and supported at school through the interactive and discursive routines that make up the 
classroom culture determines how they will participate. 
 In this work, I take a situative perspective that views learning as happening in 
interaction.  These interactions happen moment-to-moment in response to students’ ideas. 
Guided by these assumptions, I suggest that a teacher’s epistemic messages drive the patterns in 
student discourse, and that these patterns in student discourse influence how a teacher responds, 
as part of a recursive pattern of interaction that is constantly delivered & interactively negotiated. 
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With this dissertation I conduct a longitudinal instrumental case study of an experienced 
teacher and his students during a multi-week earth science unit in his eighth-grade classroom.  I 
complete a line-by-line analysis of whole group discussion and identify four epistemic messages 
which I call socio-epistemic messages because they communicate normative aspects of students’ 
participation relative to knowledge building. I identify both horizontal messages that emphasize 
how learners participate collectively in the activity of knowledge building in relation to each 
other, and vertical messages that position the students in relation to the ideas they are building 
together.  
I characterize each message and identify patterns in the way the messages were 
communicated over the course of the unit. I use rich description to describe the complex ways in 
which Mr. M enacted the messages, often delivered in combination, to communicate how he 
wants the students to relate to each other and to the ideas they are constructing together. Through 
my analysis, I show that the messages were constantly communicated and negotiated, 
dynamically framing classroom activity in the moment-to-moment interactions.  I demonstrate 
how they were infused in both the structure of student’s activities and the nature of the classroom 
discussion. I suggest that messages form the “connective tissue” that set up the conditions for 
students’ knowledge building, by conveying socio-epistemic expectations for participation, 
which adds a complementary and important dimension to disciplinary aims of science 
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CHAPTER 1: INTRODUCTION 
A long-held goal of educators and researchers includes involving students more deeply in 
the process of their own learning by structuring environments that support students in knowledge 
building. In the science classroom, this work is characterized by privileging students’ ideas as 
they work to revise, critique, and refine their explanations, and by engaging students in a 
classroom community that develops their ideas collectively (Brown, 1992; Engle & Conant, 
2002; Krist, 2016; Rosenberg, Hammer, & Phelan, 2006; Stroupe, Caballero, & White, 2018). 
This means that the students have a stake in determining the direction of classroom activity. This 
conception of instruction provides opportunities for students to talk and write about their 
observations of phenomena and their emerging understanding of scientific ideas, and the ways 
they aim to test them. Students are posed to figure things out by asking questions, carrying out 
investigations, and constructing models, so they are positioned to do the intellectual work in the 
classroom. While researchers have shown that students in K-12 classrooms are clearly capable of 
doing this work (Engle & Conant, 2002; Manz, 2015; Stroupe, Caballero, & White, 2018; Van 
Zee, Hammer, Bell, Roy, & Peter, 2005; Warren, Ballenger, Ogonowski, Rosebery, & 
Hudicourt-Barnes, 2001), structuring classroom environments so that students have more 
authority with respect to their learning is not easy. 
Early education innovators since Dewey have supported the development of students’ 
intellectual authority, advocating that students should generate and build knowledge by engaging 
in classroom activities that are facilitated by teachers who share in the learning process (Dewey, 
1966, p. 160). This emphasis continues, and is refined, in current science education reform 
efforts guided by the Framework for K-12 Science Education and reified in the Next Generation 
Science Standards (National Research Council, 2012; NGSS Lead States, 2013). These standards 
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are being enacted in or used to develop science education frameworks in a majority of states. The 
Framework and NGSS represent a major shift in the way science instruction is conceptualized by 
bringing together science practices with science ideas, rather than treating “process” and 
“content” as separate learning goals (Duschl, 2008; Pruitt, 2014).  
These newest reforms situate student sensemaking around authentic science inquiries, 
where students answer their queries by engaging in the practices of science. This “practice turn” 
(Ford & Forman, 2006) positions students to engage in science content by “doing science.” They 
make sense of science through disciplinarily accurate engagement in the practices of science so 
they can pose and answer their own questions about the world around them (Lehrer & Schauble, 
2006; National Research Council, 2012; Osborne, 2014). A robust body of recent empirical and 
theoretical work provide examples of students engaging in disciplinary practices, through 
scientific argumentation, (McNeill & Pimentel, 2009; Osborne, 2014), mechanistic reasoning 
(Krist, Schwarz, & Reiser, 2019; Russ, Coffey, Hammer, & Hutchison, 2009), problematizing 
(Reiser, 2004), modeling (Passmore & Svoboda, 2012; Schwarz et al., 2009), and working with 
evidence to construct scientific explanations (Manz, 2015; Manz, 2015b; Manz & Renga, 2017; 
McNeill, 2011).  
Supporting science as practice means providing students with the space to build and 
support their own scientific understandings (Furtak & Penuel, 2019; Miller, Manz, Russ, 
Stroupe, & Berland, 2018). However, cultivating classroom environments so that students are 
positioned to do the intellectual work is a challenging endeavor for the even the most reform-
minded teacher (Maskiewicz & Winters, 2012; Miller et. al, 2018).  
Historically, rigor in science had been equated with the amount of discrete knowledge a 
student could reproduce to pass a class or progress to the next grade level. This view of science 
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learning, where science is seen as a compilation of discrete facts, set up a learning environment 
where (some) teachers were accustomed to teaching, and students were accustomed to learning, 
scientific information (Pruitt, 2014). The focus of this type of learning was the outcome rather 
than a process. This meant that memorizing the periodic table of elements, knowing the names of 
the planets, or being able to reproduce the phases of mitosis, were considered evidence of 
science learning. While “knowing” the content previously was synonymous with knowing the 
definition, students are now are asked to apply discrete facts to understand the processes that 
under lie bigger science ideas. Through a newer vision of learning, promoted through the 
Framework and the NGSS, the scientific and engineering practices function as a means for 
students to show evidence that they can apply knowledge and require students to take up a 
deeper level of understanding of content by engaging in the practices of science (Pruitt, 2014). 
Teachers, then, have to shift their instructional practices so that students do the knowledge 
building and can apply knowledge flexibly, and in new contexts. 
 To do this, teachers need to consider how to both honor and respond to student ideas 
while establishing and maintaining an academically rigorous classroom community (Colley & 
Windschitl, 2016). Responsive instruction, or instruction that “sets intellectually meaningful 
learning goals and then creates opportunities for students to learn through mediated action while 
valuing the progress of their ideas” (Pierson, 2008), is one way a teacher accomplishes these dual 
objectives. Research has shown that both aims are possible, and perhaps necessary to achieve in 
tandem, to foster these desired learning environments (Thompson, Hagenah, Kang, Stroupe, & 
Braaten, 2016). One goal of this dissertation is to explore how teachers can respond to students 
in ways that position students as knowledge constructors.  
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Developing Intellectual Authority in the Classroom 
In order to develop classrooms where students play a role in directing the course of 
instruction, students must be positioned as epistemic agents—or individuals who have the 
authority to contribute to the intellectual work of the classroom and the ability to shape the 
knowledge and practices of their classroom community collectively (Damşa et al., 2010; 
Stroupe, 2014). Intellectual authority to do this work is constituted by interactions between 
teachers and students and is open to negotiation and shaped by contextual factors (Pace & 
Hemmings, 2007). Similar to Ford and Forman’s (2006) definition of disciplinary authority, or 
the ability to decide “what counts for knowledge,” having intellectual authority means having the 
capacity to direct the course of knowledge building in the classroom. Students with intellectual 
authority are positioned to take on active roles as constructors of knowledge, meaning that they 
perceive that they can act, and are supported to act to actively shape their learning environment 
(Cornelius & Herrenkohl, 2004; Herrenkohl & Guerra, 1998).  
Organizing complex learning environments where students hold the intellectual authority 
requires careful consideration and skill on the part of the teacher, who has to make a variety of 
instructional decisions when enacting curriculum. These decisions include structuring tasks to 
both honor students’ ideas and connect to the content aims. For example, teachers have to 
negotiate how much to emphasize canonical scientific knowledge and how much to build on 
students’ ideas (Thompson et al., 2016). Teachers also make decisions about how much support 
to give students as they engage in science investigations, and whether and how to support 
students to make their own decisions about the course of inquiry (Ko & Krist, 2019). Teachers 
accomplish this by choosing pedagogical strategies and participatory structures that enable 
students to communicate for themselves and with their peers to direct or help to direct the course 
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of their investigations. For example, a teacher could include group work as a way to encourage 
collaboration and discussion, but also must consider the nature of the activity so that students do 
more than complete procedural tasks and are involved in doing the intellectual work in the 
classroom. Likewise, a teacher may want to encourage talk in the classroom, supporting 
equitable talk to ensure everyone has the opportunity to participate.   She must also facilitate the 
class discussion so that no one student dominates the conversation. These choices may be made 
in planning for instruction, but are often applied and adjusted in the moment to support student 
sensemaking as teachers make multiple complex and often nuanced decisions to support student 
learning across the classroom in real-time.  
Making instructional decisions that support student authority is also challenging because 
teachers have to disrupt a well-established culture of schooling, where power dynamics are 
deeply entrenched (Apple, 2012; Ladson-Billings, 2006). Because traditional features of 
schooling do not typically position students as partners in knowledge building, teachers have 
traditionally been framed as the pedagogical and knowledge authority in these environments. 
Students consequently come to school with certain expectations about learning. In these 
classrooms, they are often positioned as the receivers of knowledge, so that the teacher does the 
“heavy lifting” of knowledge building rather than the student (Hutchison & Hammer, 2010; 
Jiménez-Aleixandre, Rodríguez, & Duschl, 2000; Lemke, 1990). This can translate into 
classrooms where students expect to be taught about science rather than actively participating in 
the doing of science. If students learn that knowledge comes from an expert (either the instructor 
or a textbook), rather than as a product that requires their contribution, they take up knowledge 
passively and reproduce it as expected. This “doing school” mindset drives a pattern of 
communication in the classroom that is asymmetrical, where the teacher’s authoritative role can 
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limit student engagement and participation altogether (Carlone, Haun-Frank, & Webb, 2011). 
This pattern of instruction has been documented frequently in the literature (e.g., Jiménez-
Aleixandre et al., 2000; Windschitl, Thompson, & Braaten, 2008) and has real consequences for 
teachers trying to develop learning communities where students are positioned with intellectual 
authority. 
Redistributing Intellectual Authority through Epistemic Messages 
Teachers, then, have to make intentional efforts to redistribute their authority in order for 
students to take on substantive intellectual power. Teachers do this through their instructional 
decisions that communicate their expectations in relation to participation and that become reified 
through moment-to-moment interactions in the classroom. This is important, because how 
students make sense of what kind of knowledge is valued and supported at school plays a key 
role in how they engage in learning in the science classroom (Berland & Hammer, 2012; Engle, 
2006; Hammer, Elby, Scherr, & Redish, 2005; Rosenberg et al., 2006; Russ, 2018; Russ & Luna, 
2013; Sandoval, 2005; Scherr & Hammer, 2009; Stroupe et al., 2018).  
For example, Engle (2006) investigated how 5th-grade students responded when they 
were positioned as the authors of knowledge rather than recipients of knowledge during a unit 
investigating endangered species. Students in this classroom were expected to contribute to the 
classroom’s intellectual work as they investigated and characterized endangered animals. One 
group studying whales took ownership in their work, engaging in a protracted argument that 
arose out of a question they posed and then worked to answer throughout of the unit. 
Similarly, when sixth-graders viewed themselves as co-collaborators with scientists 
during an ecology unit where they had a voice in the design of the project and could decide the 
shape their research would take, this was reflected in their participation (Stroupe et al., 2018). 
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The students took ownership in the project working as partners with the scientists to design and 
identify different moth species. They offered up ideas that stemmed from their interests, as they 
took on shared epistemic authority in the classroom community. In at least one case, student 
participation extended beyond the classroom, as one student instituted “pleasure trapping” of 
moths at home.  
Students come to understand the expectations relative to knowledge building and their 
role in this process through the interactional and discursive routines that are a regular part of 
their classroom culture. Students pick up on how the culture is framed in the way a teacher 
signals to students what kinds of ideas deserve space in the classroom. (Russ & Luna, 2013; 
Scherr & Hammer, 2009). How the teacher sets up and enacts the curriculum in the classroom 
impacts how students take part in the process. An investigation of the rock cycle in an 8th grade 
classroom provides a good example (Rosenberg et al., 2006). Students in this class were asked to 
work in groups to construct models of the rock cycle; they were instructed not to use their book, 
but that the worksheet they previously completed for homework about the three rock types 
(igneous, sedimentary and metamorphic) was permissible. Initially, the students worked to 
incorporate the definitions and processes from their worksheet into a model, focusing on 
transferring vocabulary words, arguably viewing each term as a discrete fact. Noting that the 
students were relying on the worksheets, the teacher suggested that they work from what they 
know rather than from the vocabulary words on their papers to make their models. The students 
then build an account based on what they understand about how rocks are formed, shifting the 
authority for knowledge from the worksheet to themselves. Stroupe (2014) refers to students 
positioned with epistemic authority as “epistemic agents,” who learn over time that their ideas 
play a role in the knowledge that develops in their classroom.  
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Russ (2018) posits that the way science teachers notice and respond to student 
sensemaking sends “epistemological messages” to students about learning. These messages are 
theorized to implicitly communicate the appropriate ways for students to participate in 
knowledge building and are thought to impact the way students engage in this process. These 
epistemic messages about what knowledge “counts,” and how students should participate with 
respect to their ideas are ever-present in student-teacher interactions. They are tacitly 
communicated in the way the teacher chooses to structure the classroom in terms of what they 
choose to teach, how they teach it, and their expectations for participation that frame “what is 
going on” (Russ & Luna, 2013).  
In her work, Russ characterizes epistemic messages through the lens of teacher noticing, 
inferring from teacher interview data what teachers attend to when focusing on individual 
students’ moment-to-moment interactions. In her analyses, she identifies the types of messages a 
teacher sends to students about knowledge building, delineating four categories of attention 
related to how teachers attend to the substance of a student’s idea in terms of its content, form, 
production, or relationship across ideas. She contends that the teachers’ pedagogical moves, and 
the messages they send about knowledge, have substantial tangible implications for students’ 
classroom participation and learning (Hand, 2012; 2010; Manz, 2015; Stroupe, 2014). 
 While epistemological messages in the science classroom have not been explicitly 
operationalized, empirical research across disciplines supports the general idea that 
communicating information about how a learner is expected to participate impacts students’ 
academic performance. For example, Dweck and colleagues (e.g., Dweck & Leggett, 1988) 
conducted a decades-long research program that demonstrated how instilling students with the 
belief they were capable of improvement enhanced students’ motivation and achievement. In 
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related work, we see that positive messages about learning delivered through instruction in K-12 
mathematics classes have also impacted student participation and academic outcomes (Boaler, 
2008; 2015). Researchers also demonstrated the power of how one such message made a 
difference in student achievement (Yeager et al., 2013). High school students involved in this 
experimental study received critical written feedback on essays they had written. Half of the 
students received the designed intervention—an extra sentence at the bottom of the feedback that 
read, I am giving you this feedback because I believe in you. The students who received the 
feedback scored at higher levels a year later, despite there being no other differences between 
groups, and this improvement was significant for students of color (Cohen & Garcia, 2014). It is 
reasonable to assume then that what a teacher communicates to students, whether intentional or 
tacit, functions as a message that plays an important role in shaping students’ experience and 
participation. These implicit communications are referred to as meta-communicative messages 
(Berland & Hammer, 2012; Bateson, 1972). 
 In her 2018 work, Russ draws from the science literature to demonstrate how teacher 
noticing can impart different messages to students. She recounts an episode of classroom 
interaction from an earlier study by colleagues Berland and Hammer (2011), where a middle 
school teacher encouraged multiple students to respond to questions by revoicing their ideas 
instead of evaluating them. Russ posits that in this interaction, students came to understand that 
their ideas were valued regardless of whether they were canonically correct. She contrasted this 
case with another episode of classroom interaction where a second-grade teacher emphasized 
correct terminology rather than a student’s intuitive explanation, communicating to the student 
that everyday reasoning was not as valuable as using scientific vocabulary. In response, the 
student shifted her answers to align with the terms the teacher valued (Russ et al., 2009). While 
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this work and the work of others chronicled above describe how a teacher’s epistemic messages 
may influence learning in the classroom, the work of characterizing and tracking the implications 
of epistemic messages has not been achieved empirically, and is a major goal of this dissertation.  
Aims of this Dissertation 
With this dissertation, I conduct a longitudinal instrumental case study of an experienced 
teacher and his students during a multi-week earth science unit in his eighth-grade classroom. 
Over the course of the unit, students’ participation increased as they took up intellectual 
authority for their learning, and this shift was striking. Although the students had worked with 
NGSS-aligned curriculum during both their 6th and 7th grade science classes at the same school 
and were familiar with expectations relative to their classroom participation, the classroom 
dynamics at the beginning of the year required the teacher to intentionally rebuild the classroom 
community to position students as epistemic agents. As such, this particular classroom presented 
a unique opportunity to watch the development of a classroom community and how students’ 
intellectual authority developed during the unit. I aim to identify how this teacher, in this 
classroom, works to shift students’ intellectual authority in the work they do together. Because I 
want to understand how these environments are created, I identify and operationalize epistemic 
messages and how the teacher communicated them discursively in the classroom through careful 
microgenetic analyses of moment-to-moment teacher-student interactions. 
In this dissertation, I ask (1) What are the epistemic messages the teacher communicates 
in the classroom, and second, (2) How do the messages play out together in the classroom to 
frame the learning environment?  
I share the conceptual framework guiding my analysis and the theoretical underpinnings 
which undergird my analysis in chapter two. I follow with my methods of analysis in chapter 
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three. I focus on the characteristics of epistemic messages in chapter four, and present a more 
detailed analysis of how the epistemic messages work together in the classroom in chapter five. 
Finally, I share the discussion and implications of this study in chapter six. 
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CHAPTER 2: THEORETICAL FRAMEWORK 
 
“To make progress, then, in shifting authority to the students, we will need to 
understand the ways in which messages about learning are inscribed and re-
inscribed in classroom interactions around knowledge” (Bartlett, 2005, p. 1070) 
 
A goal of the newest science reforms calls for teachers to provide students with 
opportunities to assume greater responsibility for their own learning and to participate in the 
collective knowledge building of their classroom community. In the previous chapter, I presented 
an argument for why it is both important and difficult to structure learning environments that 
position students with intellectual authority. Here, I review key elements of the science 
classroom relative to this study’s context, which can be leveraged to develop student intellectual 
authority. Understanding how the features of a classroom support this work and how a teacher 
uses them as tools to frame a classroom's activity is an essential context for this dissertation. 
These elements include the role of curriculum, the discursive moves that engage students in 
disciplinary talk, and the use of epistemic supports to encourage student knowledge building. 
Next, I present epistemic framing as my lens for analysis. I describe the dimensions of framing 
and demonstrate how this construct is a productive way to empirically identify the epistemic 
messages a teacher communicates in the classroom, the goal of this dissertation.  
Framing Classroom Interaction 
 
I approach this dissertation holding certain theoretical assumptions about knowledge and 
learning. I assume a socio-cultural view of learning in which knowledge construction occurs in 
social interaction (e.g., Greeno, 2006), and where expectations about teaching and learning are 
continuously and dialogically established through these interactions. To undergird this 
theoretical perspective, I describe how I am conceptualizing learning interactions in classrooms, 
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drawing on the extensive body of work in education that has leveraged the construct of framing 
from sociology and anthropology (e.g., Goffman, 1974; Tannen, 1993).  
A frame defines an activity so that the meaning of the activity makes sense to the 
participants interacting within it. Simply put, a frame is an individual’s sense of “what is going 
on here?” (Goffman, 1974, p.8). Framing lays out the expectations for a given situation, 
providing “an interactional roadmap” for what is likely to happen. For example, in a classroom 
context, a teacher could frame an activity as a task that requires the right answer or an 
opportunity to figure something out. Frames guide people’s interpretations, by directing them to 
see a situation in a certain way and by privileging certain aspects of a situation over others 
(Goodwin & Goodwin, 1996). A frame defines the activity within a scene so that the meaning of 
a situation makes sense to the participants interacting within it. Each scene has an implicit, but 
understood, context that outlines the expected behaviors of the participants and of the activities 
that occur within the frame. Examples of well-established frames include scenes like eating in a 
restaurant (Schank & Abelson, 1977), going to a doctor’s appointment, taking a test, or of 
specific interest to this dissertation, learning in a classroom.  
By making certain aspects of a situation relevant, frames also guide social actions 
implicitly by engaging or activating cognitive schema for social activity (Hand et al., 2013) so 
that participants understand the boundaries of a situation and recognize it as a certain kind by 
responding to a situation in ways that signal they understand the particular frame (Greeno, 2009). 
In the context of this study, how a teacher frames the classroom determines how the students 
understand the task they are being asked to accomplish and how they are expected to participate. 
Socially and culturally determined schemas are flexible and guide how the elements (talk, 
gestures, movements) within a frame should be understood. Frames both contain information and 
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provide the structural and cognitive cues for interpreting this information, and people are adept at 
picking these up these cues and interpreting the signals (Tannen &Wallet, 1993). In a classroom 
context, this means that students pick up cues from how a teacher is structuring a discussion, in 
addition to drawing on their previous experiences in school classrooms, to gauge the kind of 
response that is appropriate. Imagine a class, for example, where students sit in their assigned 
desks each day. At the beginning of the period, they might pull out their books and papers related 
to the class and have their homework ready to turn in. Perhaps they answer questions when they 
are called on but expect the teacher to lead the discussion from the front of the room. They know 
if they are silent long enough, she will share the answer that she hoped to elicit during the 
conversation. Now imagine a second class. In this class, the students sit in groups, and where 
they sit varies. Sometimes they choose where they sit, and sometimes the teacher assigns their 
seat based on the day’s activities. In this class, the students work together to develop a list of 
questions, based on an activity they do together, engaging in self-directed group projects to 
figure out the answer. In this class, the teacher facilitates and guides the students' mostly student-
directed conversation. In both cases, a student could recognize a classroom’s features and 
understand the range of activities that might happen in that space. How they understand the 
expectations for participating in each specific classroom has to do with how the teacher frames 
the activities in the class and how each student interprets them. Greeno (2009) conceptualized 
framing as having both a positional aspect that students take up in response to a situation, and an 
epistemic aspect which refers to the kind of intellectual work the students expect to engage in, 
this dual approach is useful when thinking about classrooms as classrooms have both a social 
and epistemic dimension. A robust line of research has documented how students’ framing of a 
classroom influences how they participate.  
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On the one hand, they see themselves actively participating in knowledge construction. 
On the other hand, they think they are performing tasks to pass the class. Pope (2003) termed this 
“doing school.” This framing has also been identified in the context of the science classroom as 
‘‘doing the lesson’’ (Jimenez-Aleixandre, Rodriguez, & Duschl, 2000), or ‘‘playing the 
classroom game’’ (Lemke, 1990). 
Structuring Participation Through Talk 
While more recently articulated views of science underscore the social nature of 
knowledge construction, fostering these conditions in a classroom community requires a 
fundamental shift in classroom culture and the nature of classroom talk (Duschl, 2008; Stroupe, 
2014). Typical classroom culture is defined by teacher-dominated discourse and vertical power 
dynamics between students and teachers that have had a long history of hindering students’ 
engagement as agents of their own learning (Stroupe, 2014). These patterns of discursive 
interaction in the classroom have long been a focus of study (Sinclair & Coulthard, 1975; Mehan 
1979; Nystrand, 2018; Wells, 1999; Mortimer & Scott, 2003). This research provides an 
important context because students mirror classroom interactions when interacting with each 
other (Webb, 2006; Stroupe, 2014).  Researchers have shown limited interaction can also limit 
participation (e.g., Herrenkohl & Guerra, 1998; Hand, 2010), and that dialogic discourse is not a 
regular feature in most classrooms (Banilower, Smith, Weiss, & Pasley, 2013).  
Research has also shown, however, that students are quite capable of participating 
discursively in the classroom (Engle & Conant, 2002; Herrenkohl & Guerra, 1998; Jimenez-
Aleixandre et al., 2000; Manz, 2014, 2015; Stroupe, 2018). When given the right context in 
terms of tasks and pedagogical approach, all students are capable of good quality exploratory 
talk or talk that helps students verbalize tentative ideas to make sense for themselves (Cadzen & 
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Black, 2008). These dialogic interactions enable some students to “talk themselves into 
understanding” in the classroom with teacher and peer support (Mercer &  
Dawes, 2014). The authors and others (e.g., Herrenkohl, Palincsar, DeWater, & Kawasaki, 1999) 
identify that the crux of the issue is that students need opportunities to develop these discourse 
skills, and note that "trying out new ways of thinking may be disturbingly different than what 
they are used to, and giving [students] more responsibility to develop their own understandings is 
challenging." To develop these skills, students and their teachers need practice and support in the 
classroom. 
Current research around restructuring interactions through discourse draws on the social 
nature of knowledge building in classrooms. It builds on the work of Engle and Conant (2002). 
They envisioned structuring discourse as a means to achieve "productive disciplinary 
engagement." Here the students make connections between what they are doing and "the issues 
and practices of the discourse," (p. 402). In this foundational work, the authors list features of 
students' discourse that can be considered evidence of greater disciplinary engagement. These 
include students making significant contributions to the subject under consideration in 
coordination with other students' ideas and expressing and maintaining an interest in the topic 
over a long period of time (Engle & Conant, 2002, p. 402). Intellectual progress is inferred by 
the students' development of new ideas and disciplinary understandings. 
The authors suggest four principles for developing productive disciplinary engagement in 
science classrooms: giving students authority, problematizing content, holding students 
accountable to others and to disciplinary norms, and providing relevant resources. The first three 
principles relate directly to classroom discourse and help frame this current study’s context. 
Giving students authority means positioning students as "authors and producers of knowledge, 
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with ownership over it rather than mere consumers of it" (Engle & Conant, 2002, p.404). 
Problematizing the content means encouraging questions, proposals, and challenges and not just 
rote answers from students, while holding students accountable to others and to disciplinary 
norms involves students collectively considering other points of view and constructing their 
understanding with respect to disciplinary norms. Providing resources means providing support 
so the other principles can be achieved (e.g., material support like books or maps, or time). 
Importantly, developing productive disciplinary engagement involves shaping both the social 
and intellectual interactions in the classroom (Duschl, 2008; Herrenkohl, 2006; Michaels & 
O’Connor & Resnick, 2008). This view is taken up in current research and provides a useful 
context for this dissertation. 
These principles of productive disciplinary engagement undergird a robust area of 
research focused on the interactions between the teacher, the students, and the ideas in the 
classroom, and how they are structured dialogically (Brodie, 2011; Hagenah, Colley, & 
Thompson, 2018; Herrenkohl, 2006; Herrenkohl & Guerra, 1998; Leinhardt & Steele, 2005; 
Manz & Renga, 2017; Mercer & Dawes, 2014; Michaels et al., 2012; Michaels, O’Connor, & 
Resnick, 2008; Stein, Engle, Smith, & Hughes, 2008; Stroupe, 2014). In the following sections, I 
discuss the implications of this research as it relates to this dissertation. 
Talk Moves 
 One area of research has focused more specifically on sets of pedagogical talk moves. 
Teachers use these moves as tools to socialize students into ways of thinking and acting and to 
develop an intellectual classroom climate, where the classroom community's knowledge is co-
constructed publicly through collective classroom discussion (Brodie, 2011, Leinhardt & Steele, 
2005, Mercer, 2008, Michaels, O’Connor, & Resnick, 2008; Michaels & O’Connor, 2012; Stein, 
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Engle, Smith & Hughes, 2008). Many types of talk moves acknowledge students' contributions 
and include revoicing and recapping students' ideas, invitations to "say more," "add on," and to 
agree or disagree. These moves allow students to express and clarify their ideas and provide tools 
that teachers can use to direct the conversation. Revoicing, for example (O'Connor & Michaels, 
1993), can be used to highlight students' ideas during whole group discussions by positioning a 
student as the owner of an idea. By strategically highlighting portions of a student's idea, the 
value of a student's idea is affirmed, and the teacher can shape the class discussion, knowing that 
the students are working from a shared understanding. These moves work to provide students 
with opportunities to express and clarify their ideas and to deepen their reasoning. Michaels and 
O'Connor (2015) found that experienced teachers used talk moves more frequently following 
professional development, but not all talk moves were taken up by teachers equally. For 
example, talk moves that helped students to develop reasoning increased significantly (e.g., 
"Why do you think that?").  
In contrast, moves intended to get students to listen to one another (e.g., "Who can put 
that idea in their own words?") remained the same. Likewise, the use of talk moves by individual 
teachers varied. In related work in a mathematics classroom, Brodie (2011) found similar results 
when investigating how teachers used talk moves to elicit students' ideas. 
Intertwined with developing students' disciplinary ideas, talk moves also serve to build 
norms for classroom talk and to establish a sense of community as students routinely engage in 
complex forms of collective social reasoning. Regular use of talk moves in the classroom links 
the classroom’s social and intellectual goals together so that the classroom community is 
responsible for how the knowledge building takes place. Michaels, O'Connor, and Resnick 
(2008) argue that through this process, classrooms maintain accountability when constructing 
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ideas to 1) the learning community, by carefully attending to the ideas they build together (e.g., 
waiting your turn to talk, listening to ideas) 2) to accurate knowledge, so classroom claims are 
supported by disciplinarily appropriate evidence that is accessible to the group (e.g., a text, a 
video, a map), and 3) to rigorous thinking so that ideas in the classroom are situated in a logical 
argument (e.g., evidence has to be accurate and sufficient facts must be relevant to the claim 
being made). By holding each other accountable in these ways while building knowledge 
together, students and their teachers use talk routines to craft and structure a dialogic classroom 
culture with participation expectations that are both social and epistemic, and grounded in 
collective activity. Talk moves like these are fruitful tools that help to structure and guide 
classroom conversation. Still, as Hagenah, Colley, and Thompson (2018) suggest, classroom talk 
patterns are not simply a set of discursive moves, but rather practices that are embedded in larger 
classroom structures that involve the goal of the work, the nature of talk and tasks, (Engle & 
Conant, 2002; Mercer 2008, Leinhardt & Steele, 2005), and the role of the students and teacher 
(Borge & White, 2016; Cohen, 1998; Herrenkohl, 2006).  
In addition to talk moves, teachers employ several strategies to support students' 
disciplinary understandings discursively. For example, teachers also shape discussion by 
selecting and contrasting ideas (Stein et al., 2008), and by facilitating conversations so that 
students are positioned to respond to questions rather than answering questions themselves (van 
Zee & Minstrell, 1997). For example, Van Zee and Minstrell (1997) used the "reflective toss," a 
questioning strategy that a teacher uses to position students to take responsibility for their 
thinking, where students were asked to elaborate on their own, and each other's ideas and the 
teacher acts as the facilitator of classroom knowledge rather than the authority. As students 
respond to this "toss," they deepen their reasoning.  
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Teachers also use various questioning strategies to support student learning. McNeill and 
Pimentel (2010) investigated how teachers use questions to support students' understandings. 
They found that the type of question, either open queries or questions that invite more than one 
answer, versus closed questions that signal a correct answer, impact student knowledge building. 
Teachers have also found it challenging to move beyond eliciting students’ questions to helping 
them develop their arguments during discussion (Harris, Phillips, & Penuel, 2012). Manz and 
Renga (2017) identified the use of either undirected (e.g., "Who has something to say about the 
leaves?") or directed questions (e.g., "What are you thinking now about which plant is 
successful?") as a strategy that teachers use to guide students to build explanations that include 
complex evidence. In this case, they found that when teachers used directed questions, students 
reached more sophisticated levels of knowledge building that mapped to explicit epistemic 
levels.  These ranged from personal observations to more general widely shared observations, 
first characterized by Kelly and Takao (2002). This questioning strategy helped students manage 
the complexity of evidence construction and is an example of specific epistemic support, the 
subject of the next section. 
Epistemic Supports 
In addition to leveraging discursive moves to support students’ thinking, researchers have 
investigated different strategies for providing epistemic support to students; these include the use 
of roles, written supports, technology tools, and frameworks that teachers use to guide students 
thinking. Herrenkohl (2006) and colleagues (Herrenkohl & Guerra, 1998) developed structured 
intellectual audience roles for students (e.g., questioner, commentator, or critic) to promote 
student discussion around scientific ideas in the classroom. These roles focused on predicting 
and theorizing, summarizing results, relating predictions, and theories. Students used discussion 
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prompts to engage in conversation, which provided a social and intellectual framework for 
discussion. By taking on intellectual audience roles, the students assumed responsibility for some 
of the intellectual work that was previously accomplished by the teacher. 
Other work has focused on making the process of reasoning in the science classroom 
more explicit for students by providing structures to support students to engage in argumentation 
and explanation in the classroom. For example, McNeill, Lizotte, Krajcik, and Marx (2006) 
developed the (CER) claim, evidence, and reasoning (CER) framework. The framework guided 
students to use appropriate evidence and reasoning, and to consider and be critical of alternative 
explanations. Research included structuring opportunities for students to engage in supporting 
claims with evidence (Sampson, Gooms, & Walker, 2010; Sampson & Blanchard, 2012). Kang, 
Thompson, and Windschitl (2014) showed the utility of using different scaffolding types to 
support students’ written explanations. They found that using contextualized phenomenon, in 
addition to rubrics, checklists, sentence starters, and drawings to support students' explanations. 
Epistemic supports are helpful not just for students but for teachers too. For example, 
Windschitl, Thompson, Braaten, and Stroupe (2012) propose four research-based, high-leverage 
instructional practices that act as an organizational framework that developing teachers could 
draw from to organize their teaching strategy in the classroom. Ko and Krist (2018) propose a 
framework for teaching that promotes students’ epistemic agency in the classroom. This 
framework helps teachers identify moments of instruction where they can “open up” the 
classroom to students and their ideas and incorporate them, so they have a say in directing the 
course the class takes. The conceptual reach of these decisions varied. For example, a teacher 
could decide to act on a student’s idea during a lab activity that could then impact how the class 
completed that investigation. Alternatively, a teacher could choose to use students’  
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ideas to frame the big questions they work to answer throughout a unit, so the relative impact of 
their ideas has a larger conceptual reach. The authors posit that the framework can add to 
educative curricula resources (Davis & Krajcik, 2005) and help teachers identify these decision 
points within the curricular arc to shift students’ participation in the intellectual work of the 
classroom. The authors contend that choices that teachers make during instruction carry 
messages in addition to the conceptual or content understandings of the activity or the unit. How 
students come to understand how they are allowed and expected to participate informs their 
subsequent action. This framework informs this project, as this dissertation begins the empirical 
work to characterize what these epistemic messages look like over the course of instruction. How 
a teacher sets up the epistemic frame of the classroom is the focus of the next section.  
Setting the Stage for Classroom Interactions 
More broadly, epistemic supports function as a type of epistemic tool (Markauskaite & 
Goodyear, 2014; Stroupe, Moon, & Michaels, 2019), that is, a strategy or resource that facilitates 
knowledge construction. The principled enactment of curricula is one important tool for teachers. 
It can serve to support students in knowledge construction and structure opportunities for 
engaging in collective social activity (Colley & Windschitl, 2016; Maskiewicz & Winters, 2012; 
Thompson, Richards, & Robertson, 2015). Teachers make all kinds of adaptations when enacting 
curricula (Ball & Cohen, 1996; Remillard, 2002). What they choose to highlight, and how they 
choose to do so can impact how students engage with the tasks and the epistemic goals they 
reach (Kang, Windschilt, Stroupe, & Thompson, 2016). Discursive moves are also fruitful tools 
that help to structure and guide classroom conversation, but as Hagenah, Colley, and Thompson 
(2018) suggest, classroom talk patterns are not merely a set of discursive moves, but rather 
practices that are embedded in larger classroom structures that involve the goal of the work, the 
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nature of talk and tasks, (Engle & Conant, 2002; Mercer 2008; Leinhardt & Steele, 2005), and 
the role of the students and teacher (Borge & White, 2016; Cohen, 1998; Herrenkohl, 2006).  
 Classroom curriculum, discursive practices, and the epistemic supports reviewed in the 
previous sections work together as tools that help the teacher frame the classroom for learning.  
However, teachers communicate expectations for interaction not only in their framing or set up 
of the tasks in the classroom, but in how they respond to student ideas. When teachers are 
responsive to student’s ideas, this can transform how students participate and ultimately how 
they learn (Jacobs, Lamb, & Phillip, 2010; Pierson, 2008; Sherin & van Es, 2009). How a teacher 
chooses to respond to student ideas play out in moment-to-moment interactions in the classroom 
and impact how students respond (e.g., Mackiewicz & Winters, 2012; Colley & Windschitl, 
2016). It follows then that unpacking how these moment-to-moment interactions happen is 
essential to understand how a teacher sets up a classroom where students have intellectual 
authority.  
Epistemic Framing 
Much of the science education literature has adopted a particular focus on epistemic 
framing, or the understandings about knowledge and knowledge production that guide classroom 
interactions and impact student learning (Berland & Hammer, 2012; Hammer, David, Elby, 
Scherr, & Redish, 2005; Hutchison & Hammer, 2010; Rosenberg, Hammer, & Phelan, 2006; 
Scherr & Hammer, 2009). This work has shown that students’ epistemological framing plays a 
key role in shaping their participation in classroom discourse and practices (e.g., Berland & 
Hammer, 2012; Hutchison & Hammer, 2010).  
It follows then that how a teacher frames learning in the classroom sets up how students 
understand their role or position in the class. Research focused on framing as it relates to 
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teaching science has shown that teacher framing impacted student transfer (Engle, 2006) and 
social communication (Moje, 1995; Oliveira, Cook & Buck, 2011). Scherr and Hammer (2009) 
identified a strong relationship between students’ framing of the activities and their ideas’ 
conceptual substance. A change in a teacher’s framing, from an open casual discussion to a more 
directed approach, contributed to a shift in how a group of students participated in classroom 
discussion (Hutchison & Hammer, 2010).  
Engaging a framing perspective involves examining the dynamics of how participants 
form a sense of what is taking place. This includes the ‘‘meta-communicative messages’’ 
(Bateson, 1972), that they exchange through tone, word choice, and body language to make 
sense of what they think is happening. In the “doing school” examples above, the teacher’s focus 
on terminology when communicating is an example of such messages. They communicate to 
students how the teachers frame what is taking place. These messages are often delivered 
implicitly and include metadiscursive markers that signal the epistemic commitments of authors 
of written texts (Hyland, 2004) or in oral conversation in science classrooms (Tang, 2017).  
 Metadiscursive words like maybe, sometimes, and possibly, are “hedge” words that 
qualify the strength or certainty of an argument, while “booster” words like clearly and obviously 
are used to express certainty and conviction (Hyland, 2005). The use of metadiscursive markers 
like these has important implications for science learning in the classroom. They can reinforce 
particular views of science and impact how students come to understand the nature of scientific 
knowledge and, more importantly, how students participate in constructing it. Teachers that used 
mostly unhedged and boosted communication framed science as an unproblematic, factual body 
of knowledge, while hedged communication led to a more tentative representation of science 
(Oliveiera, Akerson, Colak, Pongsanon, & Gentel, 2012). When teachers communicated 
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uncertainty and tentativeness using hedging modifiers like maybe to frame classroom 
interactions, dialogic classroom conversations resulted, where students had space to voice their 
own ideas and thoughts and articulate more sophisticated conceptual understandings (Kirch & 
Siry 2012, Oliveira et al., 2012).  
 Essential to establishing a classroom frame then is not just what a teacher says, but how 
they say it. The metadiscursive choices a teacher makes work to shift student interactions, and 
this shift of frame can occur quickly during a conversation. One key feature of framing, central 
in my analysis, is that it is a dynamic process and can shift fluidly, sometimes moment-to-
moment, in response to the nature of various interactions. Russ and Luna (2013) posit that these 
moment-to-moment interactions work recursively to develop and reinforce the classroom frame 
and that the patterning of a teachers' moment-to-moment decisions reflect the epistemic 
commitments of the teacher and serve to stabilize the framing of the class. In this dissertation, 
building from their model, I suggest that moment-to-moment patterns in student and teacher 
discourse both drive and reinforce the epistemic framing of the class (Figure 2.1). Close analysis 
of teacher-student interactions, then, can be used to identify the kinds of aggregate epistemic 
messages teachers send, and whether and how students interpret them.  
 
Figure 2.1. The recursive pattern of classroom interaction. Adapted from Russ and Luna (2013). 
 
 Because I theorize that epistemic messages are communicated through moment-to-
moment interaction, my analysis focuses on the recursive pattern of classroom communication 
between teacher and students to identify and then characterize the epistemic messages 
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communicated in the classroom. Russ’s (2018) theorization of epistemic messages focused on 
individual students’ ideas and whether they were attending to an idea’s content, form, 
production, or relationship to other ideas. In this study, I build on this work and conceptualize 
epistemic messages in terms of how the teacher and students see themselves in relation to their 
ideas and to each other. I am conceptualizing ideas as communal objects that are collectively 
produced and recognized in the classroom community, that allow the group to make shared 
progress on a collectively decided idea or goal. I draw from the work of Damşa and colleagues 
(2010), who theorize that epistemic agency is an emergent characteristic of a group.  
In sum, this literature review described the features of a science classroom that can be 
leveraged to support students' capacities to think scientifically.  It also details how features of the 
classroom can be used as tools by the teacher to frame the classroom and position students as 
agents in their own learning. I use these literatures and the lens of epistemic framing to motivate 
my analysis and to investigate how the teacher shapes the learning environment of a science 
classroom. I examine how the teacher enacts reform-aligned curriculum, discursive moves, and 
other epistemic supports identified as important epistemic tools by investigating interaction 
processes and routines to identify the messages he sends—the focus of my next chapter.  
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CHAPTER 3: METHODS 
 
Research Methods 
In this dissertation, I conduct a longitudinal instrumental case study of a teacher and his 
students during a multi-week earth science unit in his eighth-grade classroom. I focus my 
analysis on the classroom of one experienced teacher who worked in a school that is 
programmatically committed to supporting students as knowledge builders in science.  
 This case study is a detailed analysis of how the teacher worked to develop and shift 
intellectual authority to students during their time together. The students in the 8th-grade class 
that is the focus my analysis were reticent to actively participate in the classroom community, 
despite their prior participation in the sixth and seventh grades at the same school, where they 
were expected to engage in knowledge construction and contribute to the intellectual work in the 
classroom.  
Over the course of the unit, the students’ mode of participation shifts dramatically, so 
they are actively contributing to the classroom community, building on each other’s ideas, and 
progressively contributing to the intellectual work in the classroom by the end of the unit. I use 
this case study to operationalize epistemic messages in practice: identifying and characterizing 
four epistemic messages and tracing how the teacher communicates these messages when 
enacting a unit in his classroom. In this chapter, I describe the research context, data collection, 
and analysis methods.  
The Participants and Community Context 
The school and the students.  
This case study takes place during a unit enacted at Mountain View Middle School 
during the 2014-2015 school year. Mountain View is a neighborhood school located in a middle-
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class suburb adjacent to a large midwestern city. This K-8 school, with a population of almost 
900 students, has a longstanding partnership with a nearby research university. At the time of 
this study, the administration at the school was supportive of innovative teaching practices, and 
many longtime teachers in the school were familiar with and participated in various education 
research projects in conjunction with university education researchers.  
  Students at Mountain View were demographically diverse. District records from the 
2014-2015 school year reflect a student population that is 52% white, 31% Asian/Middle 
Eastern, 12% Hispanic, 4% multiracial, and 2% African American, and this diversity was 
reflected in the eighth-grade class investigated in this study. Records from 2018-2019 reflect 
similar percentages, suggesting that the population of the school is relatively stable. One insight, 
not clearly visible from these statistics and noted by the research team (Krist, 2016) is that the 
majority of students at Mountain View were second-generation immigrants who spoke another 
language at home. Spanish and Urdu were the most commonly spoken languages, while many of 
the white students were of eastern European heritage, mostly Polish. The school itself is located 
in an area known as the new Koreatown, with the adjacent suburb known as a growing “Little 
Arabia.” 
The student population was also diverse socio-economically, and this diversity played out 
geographically, as students who lived north and east of the school were associated with wealthier 
suburbs. In contrast, students residing in less affluent neighborhoods lived south and west of the 
school. In 2014-15, there were low transfer rates in and out of the school. Approximately half the 
students walked to school, while the other half were bussed or dropped by parents (Krist, 2016).  
The eighth grade included 115 students at the beginning of the 2014-2015 school year. 
Two teachers each taught two sections of eighth-grade science. This dissertation study focuses 
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on one section taught by Mr. M, which consisted of 28 students (15 females, 13 males). Student 
assent and parental consent were obtained from all students in the class. 
The teacher—Why this teacher? 
The teacher highlighted in this case study, Mr. M, is an experienced 8th-grade teacher 
who was involved with the development and piloting of the curriculum materials used during the 
case study presented in this dissertation (and described in greater detail in following sections). 
Mr. M was part of a team of three teachers at Mountain View Middle School using the 
Investigating and Questioning Our World through Science and Technology (IQWST) curriculum 
(Krajcik et al., 2013). Mr. M was in his 17th year of teaching during the time of data collection. 
He was viewed as an expert IQWST teacher by the research team, who had a shared vision of 
engaging students meaningfully in the science practices. During the year the data analyzed in this 
dissertation was collected, Mr. M taught two sections of eighth-grade science (one section is the 
focus of this study and four sections of seventh- and eighth-grade social science. 
Mr. M was initially trained as an engineer and received both his bachelor’s and master’s 
degrees in engineering. He worked for several years as an engineer before returning to complete 
a master’s in education with endorsements for math, science, and computer science teaching. 
After completing the 2014-2015 school year (the focus of this study), Mr. M accepted a position 
with an education research group at a nearby university. He continues to work on developing 
curriculum materials that align with the Next Generation Science Standards, as well as leading 
professional development efforts for in-service teachers.  
Why this case? 
This case focuses on one of the two eighth-grade classes taught by Mr. M during the 
2014-2015 school year. Most students in his two sections of science had attended Mountain 
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View for both sixth- and seventh-grade. They were familiar with the teaching style promoted 
through the IQWST science curriculum and the normative expectations of the science classrooms 
in the school. While his first-period class began the year regularly participating and making 
steady progress in the IQWST units, his eighth-period class did not. This eight-period class is the 
focus of this dissertation. Rather than hypothesize as to why the classroom community did not 
engage meaningfully in science learning despite their active participation in similar learning 
environments in their previous science classes at Mountain View, this dissertation investigates 
how Mr. M worked to reengage the students to participate in their own learning and how the 
class made progress during the enactment of the earth science unit.  
Curricular Context 
The Investigating and Questioning our World Through Science and Technology (IQWST) 
curriculum (Krajcik et al., 2013) is a reform-aligned curriculum designed to engage students in 
scientific practices. Each unit is centered around a central driving question and consists of sets of 
related activities organized to support students in building ideas that answer the driving question. 
The curriculum is designed in a spiral fashion across grades 6 to 8, such that the curricular 
content builds upon previous units. The curriculum consists of 12 units, four at each grade level, 
each addressing aspects of physical science, chemistry, life science, and earth science.  
Each IQWST unit begins with an anchoring phenomenon through a lab activity, 
demonstration, or video to elicit students’ ideas and questions and to set the stage for the larger 
driving question to be answered. The teacher then collects students’ initial ideas. They use these 
ideas as they work to collectively create, build, and refine explanatory models of natural 
phenomena, a unifying aim across all units.  
 
 31 
The unit.  
  The unit’s focus in this case study is the 8th grade earth science Unit, How is the Earth 
Changing? The content area focus of the unit is the geological processes that underlie plate 
tectonics. The students use earthquake and volcano data to make sense of patterns and develop 
explanatory models of plate movement over the unit’s course. They then use these models to 
explain the physical features of several case study sites.  
Curriculum materials. 
 The IQWST curriculum consists of three components: a hard-copy unit workbook for 
each student, a companion Teacher Edition, and a Teachers Resource Book, which is the Student 
Edition with the answers filled in (Krajcik et al., 2013). The softcover student books were bound 
and three-whole-punched so that they could be added to students' binders. All activities that the 
students needed to complete were formatted so the students could answer questions in their 
workbooks and contained scored pages that could be torn out and turned in. Additional materials 
needed to help students make sense of the material (e.g., maps for investigation or materials for a 
demonstration) were available for purchase or downloadable from an online portal. 
  The teacher edition provides non-embedded, explicit support to the teachers. A detailed 
description of these strategies is included in a 27-page overview of the curriculum at the 
beginning of the teacher edition, including detailed descriptions of the educative support features 
in the materials (Davis & Krajcik, 2005), sections that explicitly address connections to student 
reading and writing, and guidance for creating a participatory classroom culture and structuring 
scientific discourse in the classroom by eliciting and supporting students’ ideas. The teacher 
edition also provides subject background material, lesson plan suggestions, and differentiation 
strategies for each lesson in the unit.  
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Data for Analysis 
In this dissertation, I focused on whole group interactions, which comprised the majority 
of classroom instruction. However, the videos of small group interactions were viewed to get a 
sense of how the students were working (or not) towards the goals of the class. Analysis of the 
videos across the unit provided a window into the development of the learning community over 
time. This longitudinal view helped me to characterize the interaction between the teacher and 
students over the course of instruction and to identify the epistemic messages communicated.  
Video corpus. 
 For my dissertation, I examined video data collected during one section of Mr. M’s 8th-
grade science class over the course of a six-week unit. This data was originally collected as part 
of a larger research initiative that included data from multiple classrooms.  I was not present for 
the initial data collection, and conducted secondary analysis on the data specific to one 
classroom.  The data I analyzed was the first complete unit taught this during the 2014-2015 
school year. The video data corpus includes 15 classroom videos collected from the beginning, 
middle, and end, of the unit, How is the Earth Changing? All class periods were 40 minutes 
long, and a video was collected for each. Table 3.1 provides enactment dates for each of the 
observed lessons. 
Table 3.1.  
 
Overview of the IQWST Earth Science Unit and Video Collection Dates 
Unit Driving Question – How Is the Earth Changing?  
Lesson 1 – Where Is the Earth Changing? Date of Video 
Activity 1.1: Worldwide Pattern of Volcanoes September 30th, 2014 
Activity 1.2: Worldwide Pattern of Earthquakes October 1st, 2014 
Activity 1.3: Earthquakes, Volcanoes, and World Elevation October 7th, 2014 
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Table 3.1 (Continued) 
 
October 8th, 2014 
 October 10th, 2014 
Lesson 5 – How Do Plates Interact with Each Other? Date of Video 
Activity 5.1: What Happens When Plates Move? November 18th, 2014 
 November 18th, 2014 
Activity 5.2: Two Types of Rock Comprise Plates December 1st, 2014 
 December 2nd, 2014 
Lesson 10 – What Is Happening at the Case Study Sites? Date of Video 
Activity 10.1: Exploration of Case Study Sites January 9th, 2015 
 January 12th, 2015 
Activity 10.2: Scientific Explanation of One Site  January 14th, 2015 
Activity 10.3: Project Presentations January 15th, 2015 
 January 20th, 2015 
 January 21st, 2015 
 
Data include five videos that capture the first five days of consecutive instruction of 
lesson one, Where is the Earth Changing?; four videos from Lesson 5, How do the Plates 
Interact with Each Other?; and six videos from Lesson 10, What Is Happening at the Case Study 
Sites? In total, the video corpus includes 574 minutes (10:56 hours) of classroom video data.  
 Whole class video was collected using a stationary video camera at the back of the room. 
When students worked in small groups, the camera was focused on one group. A different group 
was the focus of each lesson to provide a broad overview of class dynamics.  
Data Analysis 
Next, I outline my data analysis approach and describe my analytic strategy for 
identifying epistemic messages in classroom discourse. Because I hypothesize that the teacher 
communicates specific epistemic messages (Russ, 2018) to his students through his implicit 
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curriculum enactment decisions and his moment-to-moment talk in the classroom, I identify 
specific types of messages; and produce detailed analyses of how these messages are 
communicated discursively. My analysis process is outlined in Figure 3.1, and I describe each 
component in the following sections.  
 
Figure 3.1. Data analysis process 
Content Logging of Video Data 
First, the 15 videos were transcribed and timestamped at each turn of talk using the 
transcription service Rev.com. I checked the transcripts for accuracy and made corrections with 
the assistance of undergraduate research assistants. I then created detailed timestamped content 
logs (Jordan & Henderson, 1995) for all the videos in the unit, and content logged by the type of 
activity the class was engaged in during instruction (e.g., teacher-led discussion, group work), as 
shown in Table 3.2. After the content logging was complete, I selected what I logged as teacher-
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led and student-led discussion, collapsed these categories together as whole group discussion, 
and focused on this subset of the data for further analysis. 
Table 3.2.  
Codes for content logging by participant structure and classroom activity 
Participant Activity Structure  
TD-Teacher-led discussion Teacher initiates conversation, and elicits and moderates 
student responses. Talk includes some student responses. 
Teacher is driving conversation. 
 
SD-Student-led discussion Students are initiating conversations, calling on and 
answering each other questions, and moderating 
conversation. Some teacher talk, regulating/moderating 
conversation. 
 





V- Watching demo or video 
Students are working individually. 
 
Students are watching a demonstration or video. 
 
L-Logistical information Teacher and students are discussing matters unrelated to 
the curriculum. 
 
Initial analytic memoing. 
Next, I watched all 15 videos and composed detailed written summaries of classroom 
activities during each day of instruction. This process helped me better understand the unit’s 
flowed and develop a sense of the case from beginning to end. I created my first round of 
analytic memos during this step and began tagging moments where I thought the teacher 
expressed epistemic messages (discussed in greater detail below). I viewed the videos multiple 
times and wrote additional analytic memos as I continued analysis. 
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Identifying Epistemic Messages 
To identify epistemic messages, I took a semi-grounded approach (Charmaz & Belgrave, 
2015), drawing from the literature around teacher discursive moves (e.g., Manz & Renga, 2017; 
Michaels & O’Connor, 2012) and meta-discursive markers (e.g., Tang, 2017), that provided 
general categorizations for how a teacher supports student knowledge building. I conducted fine-
grained inductive analyses, first focusing on two videos from the beginning and two from the end 
of the unit. I chose to begin with videos at the start and end of the unit because they captured 
(potentially) the greatest range of classroom interactions. I paid close attention to the teacher’s 
discursive moves during classroom discussion and “tagged” moments where the teacher 
supported student participation in the classroom’s intellectual work. From these tagged moments, 
I generated initial categories of types of messages communicated through those moves, using a 
progressive refinement of hypotheses approach (Engle, Conant, & Greeno, 2017). I watched 
these initial videos multiple times and identified moments that reflected both categories from the 
literature and my initial categories, as well as those moments that seemed to provide evidence of 
an epistemic message but did not fit the extant categories. I repeated this process, watching each 
video multiple times, tagging moments iteratively. I expanded and collapsed the categories and 
descriptions of the messages that emerged in the data. As I worked, I enlarged the scope of my 
analysis to include all videos in my case. I viewed each video multiple times to ensure that I 
captured the range of messages that appeared during unit enactment. As I developed a deeper 
understanding of the nuanced and complex ways in which Mr. M expressed messages in his 
classroom, I returned to the videos and iteratively tagged (or untagged) turns so that my 
categories reflected the patterns in the data.  
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As I engaged in this process, I developed a list of indicators that served as a basis for my 
coding scheme. I included examples of the teachers' messages and what would count as evidence 
that the students were picking up the message in their own learning. Because I view these 
messages as being communicated through interaction, and to fully characterize the teacher's 
messages, I found that it was necessary to analyze both teacher turns and student responses to 
characterize the messages the teacher communicated in the classroom. That is, I found it useful 
not only to examine what the teacher was saying but also how the students responded.  
While I am not reporting if or how students took up the epistemic messages 
communicated in the classroom in this dissertation, analyzing student responses helped clarify 
the messages the teacher sent, and are included in the coding scheme. The result of this process 
is the coding scheme displayed in Table 3.3. Particular categories that emerged with regularity 
were treated as subthemes and received a subcode designation. If a category did not fit within a 
subtheme, it received the more general message designation.  
Rich description of each of these messages is the major contribution of this dissertation, 
and these messages are characterized in detail in chapters four and five. 
Table 3.3.  
 
Epistemic Message Coding Scheme 
Epistemic messages  
Everyone’s Ideas are Valued (V) 
Your ideas are important 
• The teacher uses meta-discourse descriptors when responding to students' ideas that communicate their 
ideas are important. (e.g., "That's cool," "That is a great idea") (VC) 
• The teacher emphasizes individual students' ideas and identifies individual contributions. (VC) 
• The teacher explicitly creates space/airtime for student input (e.g., "we've got time for you"). 
We share our ideas publicly. 
• The teacher emphasizes that students should speak louder so that their ideas are heard by the community 
(VL), or, 
• The teacher stops the flow of conversation when students aren't paying attention to the speaker or are 
violating established normative expectations for participation ((e.g., "direct your attention," "eyes up here" 
(VL) 
• The teacher scaffolds participation to support students by restating and clarifying ideas to give students a 
voice (revoicing). (VR) 
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Table 3.3 (Continued)  
• The teacher makes bids for the students to “go public” with ideas; and “share out” (e.g., “share more”). 
Evidence of student uptake 
• Students work to clarify and explain or validate each other’s ideas. 
We Build Knowledge Together (C)  
• The teacher emphasizes how student’s ideas are connected. 
• The teacher and the students use the word "We" to describe the work they are doing. (e.g., “What else do 
we want to know?”) 
• The teacher asks students to call on others to participate; "Who do you want to call on next?" "Call on 
someone else." 
Evidence of student uptake 
• Students think together explicitly in small groups or with partners to figure out an idea or develop an 
explanatory model. 
• Students collaborate to complete or add on to each other's ideas, emphasizing collective knowledge (e.g., 
“we think that it's a convergent collision”) 
• Students work together to add to, modify, or critique the class model(s). 
Students Are Knowledge Builders (SKB)  
• The teacher acknowledges students' questions and helps students "link into" the intellectual work (e.g., 
“Does anyone want to link into that idea?” “Make sure you are linking into Sara’s idea about water?”; 
“does anyone want to add to?”)  
• The teacher draws on students’ personal experiences as sources of knowledge (SKB-P) 
• The teacher redirects a question to the class for student(s) to answer rather than answer the question 
himself. (e.g., “Can you show us why you say convergent boundary there?”) 
• The teacher structures opportunities for the students to physically demonstrate their ideas by encouraging 
gesturing, drawing models, and by leading class demonstrations. 
• The teacher asks directed questions to further students' knowledge building. (e.g., “tell us why you think it 
might have something to do with the plate.”) 
Evidence that students are doing the intellectual science work 
• Students are generating questions for themselves; questions are acknowledged and/or picked up by the 
teacher or other students. 
• Students are proposing ideas rather than responding to the teacher’s ideas. 
• Students are directing their questions to other students directly, rather than consulting the teacher. (e.g., “I 
also agree with you, Sam…”). 
• Students are questioning the validity of an authority (e.g., the teacher, book, or video) as they work their 
ideas out. 
• Students ask to use resources (e.g., “Can we see that map”?) to make progress on their ideas. 
• Students are considering, responding to, and challenging each other’s ideas. 
• Students are drawing their models or doing a demo in front of the class (individually). 
• Students build on each other's ideas in discussion (e.g.," I want to link to Josh's idea," "I agree with Nora”), 
emphasizing their own contribution. 
Knowledge is Built Incrementally and Can Change  
Uncertainty is welcome in this classroom (& in science) (IU) 
• The teacher acknowledges that he is unsure about an answer (e.g., “I don't know,” or he uses hedging 
phrases like "or whatever" to signify uncertainty). 
Evidence of student uptake 
• Students acknowledge they don't know or aren't sure, and/but share their ideas publicly (e.g., “I'm not sure, 
but I think it is a convergent boundary here…”). 
We modify as we go (IM) 
• The teacher revisits "what we know so far." 
• The teacher emphasizes that ideas change and provides opportunities for students to make revisions and 
critiques. 
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Table 3.3 (Continued)  
• The teacher captures the groups’ tentative ideas (e.g., he writes down tentative ideas in a different color) 
Evidence of student uptake 
• Students acknowledge they changed their thinking (“I agree with Vera, now”) 
• Students work to revise models & ideas. 
There’s always more to figure out (IF) 
• The teacher emphasizes acknowledges that he has learned something new or has a question he hopes to 
answer. 
 
Finally, in developing this coding scheme, I noticed particular ways in which some 
messages were communicated. I noted these variations as I developed each message category, 
that helped to shape the coding scheme. As an example, I noticed one way that the teacher 
communicated the message Everyone’s Idea is Valued, was by revoicing a student’s idea. I noted 
revoicing as a subcategory of the Everyone’s Idea is Valued message and reflected this variation 
in the coding scheme, identifying it in my coding (e.g., I noted the subcode revoicing when I 
identified the Everyone’s Idea is Valued). My intent here was not to count the number of 
instances in which revoicing happened but rather to use the subcodes as an analytic tool to reflect 
the many ways the teacher communicated epistemic messages across the unit and deepen my 
characterization of those messages that had subcodes. I did not identify subcodes for all 
messages, and not all messages expressed fit neatly within one subcode. Sometimes more than 
one subcode from the same message was expressed in the same turn of talk (e.g., revoicing and 
speaking louder, two different subcodes of Everyone’s Idea is Valued, were both communicated 
in the same turn). Instead, I returned to the sections of the data that I subcoded and used the 
subcodes to characterize the epistemic messages I present in detail in chapters four and five. The 
subcodes were one tool I used that helped me capture the variation in my data and ensure the 
messages I describe accurately reflected the data’s richness and complexity.  
Alternatively, I found the variations of the message We Build Knowledge Together more 
easily defined and did not use subcodes to support this message’s characterization. I also found 
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that subcodes helped me to define only certain aspects of a message.  For example, one variation 
of Students are Knowledge Builders, where students’ personal experiences were leveraged, was a 
discrete variation I could subcode earlier in my analysis.  At the same time, I did not fully 
characterize all aspects of supporting students to “link in” to the intellectual work of the 
classroom until I had completed my analysis. When turns of talk fit under a main message 
category, but not clearly in a defined subcode, it received the more general message 
categorization (e.g., a turn of talk was coded as Everyone’s Ideas are Valued (V) but not a more 
specific subcode like (VR) for instance, which indicated the subcode revoicing).  I used analytic 
memos, peer debriefing, and periodic reflections on the literature, in addition to the subcodes, to 
help me fully characterize the epistemic messages I present in the following chapters.  
Coding for epistemic messages. 
Before I coded the data, I reduced it by focusing my analysis on those portions of the data 
that contained whole group discussion (e.g., those portions of the data that were identified as 
either teacher-led or student-led discussion) In this process, I initially examined 3,354 turns of 
talk over the 15 classes for which I had data. Of these turns of talk, 2,496 turns involved whole 
group discussion; I coded those sections of the transcripts for evidence of epistemic messages 
while watching the videos.  
 Each turn of talk that contained one or more epistemic messages was coded, and turns of 
talk could be double coded for any number of codes. I applied this coding scheme to both teacher 
and student turns of talk. Interrater reliability was established by having a second trained 
researcher code 10 percent of the data corpus. Coding was continued until a high rate of percent 
agreement was reached for each message, and disagreements were resolved through discussion. 
Percent agreement and Cohen’s kappa coefficients for each message are shown in Table 3.4.  
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 Table 3.4.  
Cohen’s kappa Coefficients for Each Coding Scheme. 
Message Cohen’s kappa 
Everyone’s Ideas are Valued 0.881 
We Build Knowledge Together 0.894 
Students Are Knowledge Builders 0.742 
Knowledge is Built Incrementally and Can Change 0.790 
 Selecting episodes for further analysis. 
To more richly characterize the epistemic messages communicated by Mr. M over the 
course of his unit enactment, I identified segments of data, or episodes, that contained clustered 
turns coded for epistemic messages in each of the fifteen classes for more in-depth analysis and 
plotted the message counts for each class to identify patterns visually. I targeted dense clusters in 
the data because this would help me to unpack the messages’ characteristics, the groupings of 
messages in episodes, and possible variations in message “delivery” patterns in classroom 
discourse in each episode. I initially identified these episodes or “hot spots” through visual 
analysis of the coded message distribution across each class. I defined rich episodes in two ways.  
First, I identified sections of data with high message diversity, meaning data episodes that 
included turns in which three or more messages were coded for in the same turn. This initial 
strategy helped me reduce the data, identifying those turns with high message diversity. I was 
interested in analyzing these turns in-depth to characterize the messages and explore if and how 
the teacher communicated messages together. I noted key moments when Mr. M communicated 
multiple messages when launching activities in the class that appeared regularly across the unit 
and was interested in exploring this dynamic.  
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Next, I identified sections of the data that had a high density of consecutively coded 
turns, (e.g., a high message frequency). I applied different time periods to bound the data (e.g., 
all segments of the data that had ten or more messages communicated in three minutes). 
However, this strategy did not help to reduce the data in any meaningful way. Subsequently, I 
sorted the data in a variety of ways to identify patterns that would help me characterize the data. 
One pattern that I identified, and I describe in chapter four, focused on those messages that were 
communicated together most frequently. I used this as one parameter to guide my selection of 
episodes to characterize how messages were most often communicated in this classroom.  
To do this, I identified segments of the data by sorting the data by code combinations. In 
this process, particular patterns emerged (e.g., certain codes co-occurred) that I then explored 
more deeply. In this process, I first identified 26 “segments” of data that matched one or more of 
the patterns that emerged and that I wanted to analyze in greater detail. Each of these segments 
ranged from 30 to 100 turns of talk. I read through each of the 26 sections to determine how 
clearly they expressed the patterns of interest. I further reduced the data by removing episodes 
that showed similar patterning and by eliminating episodes that were complicated and did not 
clearly illustrate the pattern. Nine episodes remained after this process. I conducted a line by line 
analysis for five of these episodes, closely examining the expression of epistemic messages in 
this data. I chose three episodes to analyze more thoroughly, and describe these episodes and 
their patterns in detail in Chapter five.  
  Hotspot episode analysis: characterizing patterns in the data. 
The episode analysis aimed to highlight how the epistemic messages communicated 
interacted during unit enactment, and to characterize how these messages played out in the 
classroom. Each of the three episodes described highlighted one or more patterns that I identified 
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in the data. For each episode, I developed a detailed description to provide an appropriate 
context. I shared an in-depth exploration of the activities that frame each episode and then 
segmented the episode into smaller excerpts, detailing the activities in the classroom by 
conducting a line by line analysis of the data, guided by the transcript. For each excerpt, I 
analyzed how the turns exhibit one or more epistemic messages, characterized the overall 
patterns, and conjectured what they might mean for instruction. I discussed how the patterns 
identified could support students’ intellectual authority, as I highlighted how Mr. M framed and 
enacted these moments in the classroom. 
 In the following chapters, I richly characterize the epistemic messages that I identified in 
the data, and describe the patterns in their communication that emerged over the course of the 
unit. I follow this analysis with an in-depth dive into three episodes from the data that highlight 
the complex and nuanced way that the messages are delivered together to frame the class as a 
community of knowledge builders.   
Issues of Quality 
I took a variety of steps to analyze this case to ensure the credibility of my analysis, 
drawing from Lincoln and Guba’s (1995) criteria for trustworthiness. Perhaps the most important 
activity I completed throughout the dissertation process, was to spend considerable time with my 
data, watching each video multiple times over the course of analysis. My prolonged engagement 
(Lincoln & Guba, 1995, p. 302) with the data occurred in many stages, as I content logged the 
data and tagged the video for potential messages, and developed my coding schemes. I often 
returned to the data, revising and refining the message definitions and categories and reviewing 
the videos. As my analysis continued, I wrote analytic memos with rich, thick description 
(Geertz, 1973) and iteratively incorporated my grounded interpretations into the developing 
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coding scheme until it accurately reflected the data. During this process, which encompassed 
more than a year, I engaged in peer debriefing sessions (Lincoln & Guba, 1995, p. 308). These 
sessions included discussing portions of the video with the researcher who collected the primary 
data, talking with fellow students who were working with classroom data, and on occasion, 
speaking with the focal teacher. Frequent communication with the researcher who initially 
collected the data helped me understand the context in which the data was collected and make 
sense of classroom activities.  Because she collected the videos in the classroom, and had worked 
with Mr. M for multiple years, she clarified how particular references made by the teacher 
related to the previous units the students had studied. For example, when I was unsure of order of 
the video data in lesson 10, she viewed the videos with me to confirm that I had organized the 
videos in the correct sequence.  When I had a section of video where either the audio was 
unclear, or I questioned what was happening in the class, she helped me to make sense of the 
data, which improved my analysis by either confirming what was said, or by clarifying what was 
happening in the class, helping me to see what was happening in the moment.  I also 
communicated with the teacher, occasionally in person and more often via email or phone.  I 
asked the teacher questions about how he remembered particular activities or used participation 
structures during the enactment of the unit. While his reflections were not considered a source of 
data, I found that this informal member checking helped me understand the data I was analyzing 
more deeply. For example, he described the homework assignments that were referred to in the 
video data, which provided helpful context so I could make sense of certain sections of the video. 
For example, he also explained how the students annotated their assigned readings and how they 
used the participation logs he had them complete during the class which helped me better 
understand the video I was watching. This was particularly important when Mr. M sequenced the 
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activities within a lesson in a different order than how the lesson was presented in the written 
curriculum.  I also engaged with the second coder of the data multiple times to clarify questions 
and resolve disagreements in our coding through discussion. In sum, I used a variety of strategies 
to ensure the quality of my dissertation research.  
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CHAPTER 4: FINDINGS 1 
 
Characterizing Epistemic Messages 
 
The goal of my analysis is to identify and characterize the epistemic messages Mr. M 
communicated over the course of the unit. In this chapter, I present four primary epistemic 
messages about learning that he communicated, and I suggest that these messages position 
students with intellectual authority in the classroom and frame the students' classroom activities, 
so they engage in the knowledge building work in the classroom.  
These messages include Students Are Knowledge Builders, Knowledge is Built 
Incrementally, We Build Knowledge Together, and Everyone’s Ideas are Valued. In the 
following sections, I first characterize each individual message. I then examine if and how Mr. 
M’s use of each message varied over the unit. Taken together, these indicators characterize the 
messages about the nature of learning that Mr. M communicates to his students and highlight 
both what Mr. M focuses on during classroom conversation and how he positions students 
discursively.  
The four messages I identified in my analysis communicate epistemic messages about 
learning and how students are to participate in knowledge building.  I draw from Yackel and 
Cobb’s notion of sociomathematical norms (1996) and use the term socio-epistemic messages to 
emphasize that the messages communicate normative aspects of students’ participation relative 
to knowledge building.  
These normative expectations were communicated in slightly different ways.  Two of the 
four epistemic messages, Everyone's Ideas are Valuable, and We Build Knowledge Together, 
highlight the relational aspects of knowledge production, or how learners are expected to 
participate collectively in the activity of knowledge building relative to each other. These 
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messages work as socio-epistemic messages that communicate “this is how we build knowledge 
here,” in this case, “we do it together, and everybody’s ideas count.” The other two messages, 
Students Are Knowledge Builders, and Knowledge is Built Incrementally, communicate socio-
epistemic messages about learning in a slightly different way. Rather than focusing on the 
relational aspects of knowledge building with each other, these messages position the students in 
relation to the ideas they are building together.  To highlight the differences in these messages, I 
refer to the messages that communicate normative expectations between learners as horizontal 
messages, and I refer to those messages that connect the learner to the idea as vertical messages 
(Figure 4.1).  
 
Figure 4.1.  Socio-epistemic messages communicate normative aspects of students’ participation 
relative to knowledge building. Horizontal messages emphasize the relational aspect between 
learners: vertical messages emphasize the relationship between the learner and their ideas. 
 
 
In the following sections, I characterize each message in detail and then show how these 
messages are communicated together. Table 4.1 provides a summary of each message. Particular 
subthemes that were identifiable and often expressed received a subcode that is denoted in the 
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parentheses at the end of each subtheme; these subthemes are described in greater detail later in 
the chapter.  
Table 4.1  
 
Summary of Message Characteristics 
Epistemic Message Indicators  
Everyone’s Ideas are Valued (V) (Horizontal message) 
Your ideas are important 
• The teacher uses meta-discourse descriptors when responding to students' ideas that communicate their 
ideas are important. (e.g., "That's cool," "That is a great idea") (VC) 
• The teacher emphasizes individual students' ideas and identifies individual contributions. (VC) 
• The teacher explicitly creates space/airtime for student input (e.g., "we've got time for you"). 
We share our ideas publicly. 
• The teacher emphasizes that students should speak louder so that their ideas are heard by the 
community (VL), or,  
• The teacher stops the flow of conversation when students aren't paying attention to the speaker or are 
violating established normative expectations for participation ((e.g., "direct your attention," "eyes up 
here" (VL)  
• The teacher scaffolds participation to support students by restating and clarifying ideas to give students 
a voice (revoicing). (VR) 
• The teacher makes bids for the students to “go public” with ideas; and “share out” (e.g. “share more”).  
Evidence of student uptake 
• Students work to clarify and explain or validate each other’s ideas. 
We Build Knowledge Together (C) (Horizontal message) 
• The teacher emphasizes how student’s ideas are linked and /or shows how their ideas are connected. 
• The teacher and the students use the word "We" to describe the work they are doing. (e.g., “What else 
do we want to know?”) 
• The teacher asks students to call on others to participate; "Who do you want to call on next?" "Call on 
someone else." 
Evidence of student uptake 
• Students think together explicitly in small groups or with partners to figure out an idea or develop an 
explanatory model. 
• Students collaborate to complete or add on to each other's ideas, emphasizing collective knowledge 
(e.g., “we think that it's a convergent collision”). 
• Students work together to add to, modify, or critique the class model(s). 
Students Are Knowledge Builders (SKB) (Vertical message) 
• The teacher acknowledges students' questions and helps students "link into" the intellectual work (e.g., 
“Does anyone want to link into that idea?”, “Make sure you are linking into Sara’s idea about water?”; 
“does anyone want to add to?”)  
• The teacher draws on students’ personal experiences as sources of knowledge (SKB-P) 
• The teacher redirects a question to the class for student(s) to answer rather than answer the question 
himself. (e.g., “Can you show us why you say convergent boundary there?”) 
• The teacher structures opportunities for the students to physically demonstrate their ideas by 
encouraging gesturing, drawing models, and by leading class demonstrations. 
• The teacher asks directed questions to further students' knowledge building. (e.g.,” tell us why you 
think it might have something to do with the plate.”) 
Evidence that students are doing the intellectual science work 
• Students are generating questions for themselves; questions are acknowledged and/or picked up by the 
teacher or other students. 
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Table 4.1 (Continued)  
• Students are proposing ideas rather than responding to the teacher’s ideas. 
• Students are directing their questions to other students directly, rather than consulting the teacher. (e.g., 
“I also agree with you, Sam…”). 
• Students are questioning the validity of an authority (e.g., the teacher, book, or video) as they work 
their ideas out. 
• Students ask to use resources (e.g., “can we see that map?”) to make progress on their ideas. 
• Students are considering, responding to, and challenging each other’s ideas. 
• Students are drawing their models or doing a demo in front of the class (individually).  
• Students build on each other's ideas in discussion (e.g.," I want to link to Josh's idea," "I agree with 
Nora”), emphasizing their own contribution. 
Knowledge is Built Incrementally and Can Change (Vertical message) 
Uncertainty is welcome in this classroom (& in science) (IU) 
• The teacher acknowledges that he is unsure about an answer (e.g., “I don't know,” or he uses hedging 
phrases like "or whatever" to signify uncertainty). 
 Evidence of student uptake 
• Students acknowledge they don't know or aren't sure, and/but share their ideas publicly (e.g., “I'm not 
sure, but I think it is a convergent boundary here…”). 
We modify as we go (IM) 
• The teacher revisits "what we know so far." 
• The teacher emphasizes that ideas change and provides opportunities for students to make revisions 
and critiques. 
• The teacher captures the groups’ tentative ideas (e.g., he writes down tentative ideas in a different color) 
Evidence of student uptake 
• Students acknowledge they changed their thinking (“I agree with Vera, now”)  
• Students work to revise models & ideas. 
There’s always more to figure out (IF) 
• The teacher emphasizes acknowledges that he has learned something new or has a question he hopes to 
answer. 
 
Message 1: We Build Knowledge Together  
The message We Build Knowledge Together included moments of classroom discourse 
where Mr. M communicated that knowledge building is a collective activity. This message aligns 
with broader educational goals of developing a classroom culture where the students participate 
as a community of learners that work together to build understanding (e.g., Barron & Darling-
Hammond, 2008). While this collective activity is emphasized in education reform documents 
(e.g., Common Core State Standards and the Next Generation Science Standards), developing 
competency in working with others and learning how to problem-solve collectively and to 
develop consensus ideas grounded by evidence underlies preparation for all kinds of work that 
students engage in inside and outside the classroom.  
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In my analysis, I identified three ways that Mr. M communicated the message We Build 
Knowledge Together. These included the use of metadiscursive markers, emphasizing normative 
behaviors that encourage collective knowledge building by establishing participation structures 
that develop collaborative activity.  Finally, it highlights how students’ ideas are connected; and 
how the classroom community builds and uses the collective knowledge that they generate 
together to answer questions. I examine each broad category in more detail below, sharing 
examples from classroom discourse. 
Metadiscursive markers. 
The use of the words "we" or "us" was a prominent discursive marker that characterized 
this message, as they highlighted those moments when the intellectual work the classroom 
engaged in involved collective activity. Mr. M used these metadiscursive markers often, asking 
the students, for example, "What did we want to figure out?" or "What kinds of patterns do we 
want to explain?" when posing a question. In addition, he asked, "What did we discover?" as he 
summarized students' ideas on the board and added comments like, "We better check the data," 
and "I'll get the maps for us" to emphasize the collective way knowledge building was done.  
Establishing social group norms through participatory structures. 
Another way that Mr. M communicated this message was by establishing that building on 
each other's ideas was an expectation in the classroom. Mr. M accomplishes this by encouraging 
normative classroom behavior where students are expected to call on others to participate, asking 
students, for example, "Who do you want to call on next?" or to "Call on someone else." These 
kinds of talk moves helped to structure classroom knowledge building as a collective activity. 
Mr. M. also leveraged moments of whole group discussion to emphasize the collaborative 
nature of knowledge building by asking students to turn to their "elbow partner" and deliberate 
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about an idea or to investigate some data together, by asking students to "track the ideas they 
hear from others," or by slowing the pace of discussion so everyone is tracking the information 
together, "Okay wait, let's go slow there so we can all check our own maps. Where's the first 
spot?" 
Demonstrating that how consensus moves the group forward. 
Throughout the class, Mr. M also emphasized how the students' ideas are connected and 
that by sharing and building on each other's ideas, they develop consensus views that they can 
use to explain phenomena. This message emphasizes the importance of working together to build 
this understanding. Take for example, an instance in lesson 5 when the students are working on 
developing a consensus model around how the plates of the Earth move. Students have drawn 
models on the board to demonstrate how plates move in relation to each other. The models 
include arrows that indicate the direction of the convection currents within the layers of the 
Earth's crust. However, the initial models the students construct are not in agreement, the 
direction of arrows differ, and it is unclear how the arrows relate to the layers of the Earth. Mr. 
M is working with the students to develop a consensus understanding. He asks, 
 You guys said plates would float on hot stuff. I just want to make sure. Are we 
thinking that's hot water, or are we thinking it’s hot rock? Let's revise this one 
together. Which of these (arrows) should be going down in this one (one model)? 
I guess we'll have to talk it out.  
In the next class, they return to the same ideas, and Mr. M reiterates, 
 What would we have to look for to convince ourselves that plates are spreading 
there, what are we looking for to convince ourselves that there is rubbing going 
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on there …I need your ideas because like l said, I don't see agreement among 
everybody? Do you want to talk about it at your table for a minute?  
Later in the unit during lesson 10, when the students are working on developing 
explanations of specific case study sites, Mr. M again emphasizes the importance of collective 
knowledge building, stating, "If you help the whole class figure out some stuff, in a scientific 
way, uh, even if it's not stuff we all originally agreed on, how great is that? That would be great.”  
In summary, the We Build Knowledge Together message was expressed in three ways 
emerging from the data. First, through the use of the metadiscursive markers "we" and "us," 
second, through the use of participatory structures in the context of whole group discussion, 
(e.g., students calling on students; sharing ideas in groups or pairs during whole class 
discussion), to establish collective participation as normative behavior, and third, highlighting 
how knowledge is built collectively by showing that students ideas are linked and that the class 
makes progress collectively when they build on each other's ideas. This message is one of two 
messages identified as a horizontal message, a message that emphasizes the relational aspects of 
knowledge building with each other.  I discuss the second in the next section.  
Message 2: Everyone’s Ideas are Valued 
Everyone’s Ideas are Valued, the other horizontal message identified, communicates to 
students that their ideas are important and contribute to the classroom community. This is an 
important message to identify as we know that how students understand their role in the 
classroom can structure how they choose to participate (Russ, 2018; Nasir & Hand, 2008; 
Stroupe & White, 2018; Rosenburg et al., 2006). If we want students to learn how to build 
science knowledge and become accustomed to doing so in the classroom, it makes sense that 
they feel that their contributions are taken seriously and valued by the teacher and members of 
 53 
the learning community. In the following sections, I illustrate how Mr. M accomplishes this in 
practice in two ways, drawing from some examples in the data. First, I show how Mr. M uses 
metadiscursive affirmations to communicate that students’ ideas are valued and how he created 
space for their ideas in the classroom. Second, I show how he encouraged students to go public 
with their ideas by structuring participation in two specific ways. One way he urged students to 
“go public” was by encouraging students to speak loudly so that the classroom community heard 
their ideas. He also emphasized making their ideas public by revoicing their thoughts or asking 
students to revoice other students’ ideas. These moves increased the “airtime” for students’ ideas 
so they could then be examined, critiqued, and modified by the classroom to use in their 
collective knowledge building endeavors. 
Your ideas are important. 
Mr. M communicated to his students that their ideas were valued in several ways. One 
was by emphasizing individual students’ ideas and contributions. He did this by using meta-
discursive descriptors when responding to students to communicate that their ideas were 
important. For example, Mr. M opened up his comments by saying, "Okay, cool. That's an 
interesting idea, Vanessa." or “Volcano? Okay, cool. Logan, can you talk about yours?” He also 
ended his turns of talk with similar affirming comments, for example, stating, “Another ‘why’ 
question, I love it,” or “That’s cool, what makes you think of that?” or “Okay. Nice. Good 
questions. Who’s next?”  
Another way that Mr. M expressed to the students that their ideas were important was by 
explicitly creating space for students’ input (e.g., “We’ve got time for you”). For example, when 
Mr. M was collecting student ideas and questions at the end of a class period, students’ hands 
were still going up even as he was subtly hinting that he was ready to move on (e.g., “Anything 
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else, or are we good?”). When students kept calling on each other, he let them continue, stating, 
“If you want in, we can make time for it.”  
We share our ideas publicly. 
Mr. M also worked to create a space for student ideas by structuring participation, so 
students learned to share their thoughts publicly. He did this by asking students to “go public” 
with their ideas, sometimes asking students explicitly to “share more.” One of the ways that Mr. 
M structured public participation was by directing (or redirecting) students to speak to the whole 
group instead of just to him (e.g., “tell everyone that” or “Wait, wait, tell everyone why you put 
that there”). Sometimes, Mr. M built these requests into his instructional structures, by asking 
students ahead of time to be prepared to share their ideas with a partner or the whole class, or by 
having them draw them on the board. 
 Another way Mr. M expressed this message was by emphasizing that students speak 
louder so that the community heard their ideas (e.g., “Can you go a little louder?” “Say it again,” 
“Did you hear that? Little bit-little bit louder”). Mr. M frequently communicated this message by 
physically moving across the room. For example, when Dominga, speaking in a soft voice, 
tentatively shared an idea about where volcanoes were located, Mr. M responded to her answer 
by walking away from the table where she was sitting. He repositioned himself at the back of the 
room, asking, "Dominga, can you say it louder? I want to make sure that the back table can hear 
because I feel like they want to add in, but they can't really hear our conversations so ...We just 
need to be louder.”  
Mr. M reinforced this message by making sure students’ ideas are considered during 
instruction by ensuring that students’ ideas were listened to. Mr. M did this by stopping the flow 
of conversation when students violated the established normative behaviors around participating. 
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For example, when two students were not listening, he reinforced this message by saying, 
“Deborah and Olivia. Would you stay after class? I don't think that's fair to Dominga right now, 
and I've seen that a couple of times.”  
Mr. M consistently employed the revoicing strategy to open up space for students’ 
thinking and make sure students’ ideas were heard. Sometimes Mr. M repeated what a student 
said, and then either confirmed or extended the idea. For example, he affirmed Nora’s idea 
during the first class, saying, “Cool. So that was cool, that water piece. It sounds like you're 
saying that is how maybe land is made?” Mr. M also restated and clarified students’ ideas or 
portions of their ideas during the unit enactment, making sure their ideas are reflected accurately. 
For example, asking Hunter, “Is that what you meant by in the ocean or no?” or by asking Jerry 
if he accurately reflected his conception of geographic scale, asking, “What do you mean by 
scale? … Am I putting words in your mouth?, Do you mean something else?”  
Often Mr. M used these strategies in concert. Take, for example, a moment when Mr. M 
clarified one of Carmen’s ideas during the third class: “So you’re saying, let me see if I ca-
capture this correctly, you’re saying it cracks first in the ground, and then in the mountains?” 
Carmen responded,” Yeah,” to which Mr. M replied, “Cool. So, yours is actually going down 
more as opposed to coming up?” His move both affirmed and restated her idea while reinforcing 
the value of her contribution by giving it more “airtime” in the classroom. Carmen responds, 
“Yeah” again, and Mr. M says, “Interesting. Cool, and uh, who did the red (drawing on the 
board)? Was that Zadock's? You've got, I love it, I love there is a key. I love that. Zadock, tell us 
about that one?” Zadock responds, “Um, the regular one is just flat, and then when it's red, 
there's an earthquake you see I-I put arrows, and it-it says the word shake because like when it's 
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an earthquake it shakes. So, when the earthquake is done I was thinking it makes like 
mountains”.  
Using multiple strategies to communicate the message, Mr. M responded, “So you feel 
like the mountains there are the result of, kind of like this first model a little bit more? But you're 
saying some of this shaking causes that? Well, that's cool,” revoicing Zadock’s idea, affirming its 
value, and focusing on the information he wanted to class to notice. 
 In summary, the Everyone’s Ideas are Valued message was conveyed in the data in two 
ways. First, Mr. M communicated that students’ ideas were important by affirming students’ 
contributions and making space for ideas. Secondly, Mr. M structured participation so that 
students were encouraged to share ideas publicly. He did this by ensuring students spoke loudly 
enough so everyone could hear them, by revoicing and highlighting strategic portions of their 
talk, and by asking students to restate their ideas and those of others. When students added to or 
built on to these ideas, students were then positioned as knowledge builders, the focus of the 
vertical socio-epistemic messages I address in the next section.  
Message 3: Students Are Knowledge Builders  
The message Students Are Knowledge Builders is a vertical epistemic message that 
communicated to students that they were legitimate producers of knowledge in the classroom 
community. Science reform documents such as the Next Generation Science Standards (NGSS) 
and the Framework for K-12 science education (National Research Council, 2012) position 
students as knowledge constructors who think critically, and ask and answer questions as they 
navigate the complexity central to scientific endeavors (Miller et al., 2018; Stroupe & White, 
2018; Manz, 2015). Science reform documents emphasize that these are the types of learning 
environments we want to develop (NRC, 2012; Achieve, 2013). Characterization of this message 
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helps to illustrate how a teacher balances being responsive to student ideas guiding the class 
toward the disciplinary ideas they aim to address (Manz & Suarez, 2018; Ko & Krist, 2019).  
In my analysis, I identified three different ways that the Students Are Knowledge Builders 
message was expressed. These included asking students to “link into” the classroom’s 
intellectual work, drawing on students’ personal experiences as sources of knowledge, and 
encouraging multiple modes for communicating ideas such as gesturing, drawing models, and 
participating in class demonstrations or experiments. I examine each approach in greater detail in 
the following sections.  
Linking into the Intellectual Work  
 Mr. M endeavored to link students into the intellectual work in the classroom in three 
ways that included explicitly asking students to link their ideas to others, by asking students 
directed questions (Manz & Renga, 2017) to guide students in their knowledge building, and by 
centering classroom discussion around the questions the students identified as important to 
investigate. Mr. M communicated this message explicitly by frequently using phrases that invited 
students to build on ideas shared in the classroom (e.g., "Make sure you are linking into 
Rochelle's idea," "How do those ideas link together?," "Does anyone else have a different idea 
they want to link into?"). For example, Mr. M asks Olivia to clarify the connection she makes to 
Carmen's idea by asking, “That's what you were saying, right, Olivia? So very hot rock is 
anywhere in contact with the magma. And your question was, does that mean it’s melting 
everywhere? Cool. Other ideas to link in?"  
Another strategy that Mr. M used was to link students into this intellectual work was by 
asking directed questions to help guide students in their knowledge building. Directed questions 
were originally described by Manz and Renga (2017) in reference to how teachers support 
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students to engage in the complex work of evidence construction. In this context, directed 
questions guided students toward the type of epistemic work he wanted students to engage in. 
These kinds of questions did not have one right answer but instead focused on the students’ 
thinking. Mr. M uses both strategies in the excerpt below.  
In this example from lesson 5, the students worked to develop a model about how the 
plates of the Earth work, and how density and heat are related, as they revise a model of 
convection. As part of that extended discussion, Vanessa suggested that it is hot at the core of the 
Earth, and that heat rises. She thinks this has something to do with the plates moving, but she is 
unsure of exactly how it relates to density, which has been a source of confusion for class. Mr. M 
responds to her idea, “I like that, so it rises. You said because it rises. What causes it to rise?” 
Vanessa says, “the heat source, the inner core?” Mr. M probes for more and asks, “Okay, but 
now I’m pushing for where’s the density change happening?” Vanessa responds, “Once it loses it 
[the heat]”? Mr. M takes up her idea and asks, "Okay, so can someone link into that? I agree with 
everything she said. I just want to flesh that out more. What's causing the density change? Yeah? 
(motioning to Nora). Nora responds, "I think like what Vanessa said, it's less dense by the core 
where it's rising up like in the center."  In this exchange, Mr. M uses both strategies, first asking 
Vanessa a directed question probing her to explain what causes the air to rise, and then explicitly 
asking for someone to link into her ideas to unpack density change.  
Another way that Mr. M linked students into the intellectual work was by asking the 
students to help identify the pieces of the investigation they thought were important to 
investigate, and then centering the discussion around those ideas, so the students’ ideas shaped 
the direction of the class conversation. One example from the data highlights this strategy. 
During the second class, the students were working to develop a consensus list of where 
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volcanoes were located in order to identify global patterns in their distribution. In the moments 
before the example described below, the idea that volcanoes were found at all continents' borders 
was discussed as a potential pattern at length. Mr. M asked, if, based on this pattern, you would 
expect to find volcanoes on both of Florida’s coasts. The students respond, "yes," "no," and 
"maybe" in unison—there was no consensus. Mr. M countered, “But (the list) says, near most 
continents. I mean, North America’s a continent, so there’s none in North America? See, I feel 
like we gotta be a little more specific there about that statement. Vanessa? (raising her hand).” 
Vanessa responded, “In the map, like um, there are many volcanoes towards the North Pole or 
the South Pole," to which Mr. M responded, 
And it's on the north and south, though. Two different poles, right? Did anyone 
find that weird? That they were like, in the cold spots, too? Yeah? So, do you 
want- do you want to say like, it could be like north or south of the equator? It 
doesn't- it could be far away. It could be the cold or the warm. Or no? Not 
interesting? Why don't you guys talk for three seconds? Is that an important 
pattern or not? I mean, I- I won't write it down if you don't think it's important. I 
just went right with Vanessa’s idea.  
In this moment, Mr. M highlights a possible pattern stemming from Vanessa’s idea and then 
checks in with the class to see if they think the idea is an important one before including it on the 
list. After the students talk for a minute, Mr. M says,  
Okay, let's come back. Come back. The reason why we're building this list is 
these should be the patterns we want to explain. So, if you guys think, 'Oh, 
actually that's interesting, that idea. Then we should all write it down. So, I—
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(does) somebody want to nominate do we need it, do we not need it? This idea of 
being near the equator or not?  
Here, Mr. M restates the purpose of the activity and gives students the authority to decide what is 
worthy of further investigation, responding to students’ ideas. 
In sum, Mr. M links students into the intellectual work in three ways. Sometimes he 
asked them directly to “link in” to ideas in the classroom, or second, he asked them directed 
questions that serve to guide their knowledge building. Third, he positioned students as 
knowledge builders indirectly by framing the conversation around students’ questions and then 
asking them to weigh in. In this way, they have a hand in determining where the class goes next, 
influencing the patterns they want to explore. Students’ ideas then “become the terrain for 
discussion” (Maskiewicz & Winters, 2012) where students’ intellectual and epistemological 
resources are cultivated (Ford, 2006; Louca et al., 2004; Stroupe & White, 2018). 
What made you think of that? Drawing on students’ personal experiences.  
 One way that Mr. M positioned students as knowledge builders was to allow students' 
ideas that originated from their personal experiences to influence the course of the discussion, 
legitimizing their experiences as sources of knowledge. Mr. M accomplished this by asking 
questions that leveraged students’ personal experiences in the class (e.g., “Oh, is that something 
you’ve seen?,” What made you think of that?”) Mr. M worked to connect students’ experiences 
to their ideas. For example, at the end of the second class, Mr. M asked students to make 
predictions about the location of earthquakes. The students watched a short video of an 
earthquake that showed food and supplies falling off the shelves in a grocery store while people 
frantically streamed out of the store. He asked at the end of the video, “How many of you have 
been in a large enough earthquake that it looked kinda like that?” Rochelle raised her hand. Mr. 
 61 
M said, “Okay, stop for a second. Rochelle, tell us a story.” Rochelle then recounts how 
previously she was in an earthquake one night at home in her house in Mexico, and all of her 
furniture was shaking. Mr. M responds, “So, Mexico is one of your predictions, right? Alright, 
anyone else have one?” 
Drawing from students’ personal experiences in and out of school. 
In the following example, I highlight how Mr. M first drew out students' ideas and then 
leveraged their personal experiences, from both inside and outside the classroom, to move the 
conversation forward. After showing the students a short video of a volcanic eruption, he says, 
Think in your mind about where in the world you would see this phenomenon, 
and write down where you think volcanoes are usually found, then give me your 
initial ideas. In about half a minute, we'd like you to share out some predictions. 
  After they collected some ideas on paper, he asked the students what their initial thoughts 
were, calling on students with raised hands. Students shared their ideas; some students identified 
a geographic feature (like an island), while other students shared a general location (by water) or 
a specific location (like Hawaii). Mr. M built off of these initial ideas asking, “Who else wrote 
Hawaii? So, how many of you have been to Hawaii?” Students chime in that they have or have 
not been to Hawaii, and Mr. M continued, "So when you guys say there's a volcano there, do you 
mean like active, or can it be active or inactive?” A chorus of students responded, "both," 
"active," "one or the other." In response, Mr. M said, "So I haven't been there, that's cool," 
responding in a way that gave each of their possible responses' equal legitimacy. He continued, 
"So, keep drawing on these experiences.” Carmen shared, "I said Hawaii and Europe." Mr. M 
picks up on her idea, first asking, "Have you ever been to Europe?" Carmen says, "No," to which 
Mr. M responded, "Me either." Tracking her idea and building on it, Mr. M opened up the 
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question to the whole class, asking, "How many of you have heard that there are volcanoes 
somewhere in Europe? Can somebody give us an example of where they think…"? Students 
excitedly shout out, “Pompeii…a movie.” Mr. M responded, "It's a movie? So, is that’s in like 
Italy or something like that? So that makes sense. Europe. Does anyone else have another 
example from Europe?" Mr. M continued the discussion, building from students' ideas, asking 
students what else they predicted. A few turns later, Jerry, and then Hunter, share that they think 
that volcanoes are "in the ocean," or "under the water." Mr. M clarifies that Jerry means 
underwater too, and then responds by asking, "So you guys both meant below the water? Who 
else wrote that? So, is there something you saw that made you think of that?” Jerry responds, "In 
our pre-algebra lesson, there was a below sea level and above sea level," Mr. M asks, "Cool, so 
there was an actual math lesson you did last week about volcanoes below water?" Jerry responds, 
"Yeah, it's connected." In this excerpt, Mr. M builds on students’ personal experiences both 
outside of school (the movies) and inside of school (the math class) to highlight students’ 
knowledge as an important contribution to classroom knowledge building.  
Supporting multiple modes of representing ideas 
In my analysis, I found that Mr. M supported students as knowledge builders by 
structuring opportunities for students to answer questions by demonstrating their ideas physically 
(e.g., “Can you show us why you say convergent boundary there”?, “I feel like you've got to try 
and capture that in the picture," “I think what you were trying to do with your hand, right?”). He 
did this by encouraging students to express themselves by using gestures, by drawing models on 
the board, and by participating in class investigations. For example, Mr. M calls on Dominga, 
who was raising her hand to contribute to the discussion about the location of volcanoes. Mr. M 
asked, "Have you ever seen a documentary or a video (of a volcanic eruption) or…?” Dominga 
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answers while making gestures with her hands, "The land is formed like the mountain goes up 
(inaudible), and the volcano goes up, land formed." Mr. M replies,  
Okay, I see that you are doing something with your hands right now.  Could we 
all turn to Dominga? Dominga, could you show us that, like, what you are 
modeling there? Dominga, you did this, and then this (Mr. M replicates her 
gestures), and this is how land is formed. Could you just help us visualize that 
again?  
She repeats the motion, speaking softly, “Like the ocean moves up”, and after refocusing 
the group, Mr. M continues, “Okay, so it pushes up, and that’s how land’s formed or 
something? That’s cool. Do you want to pass to someone else?”. 
In addition to gesturing, students were also encouraged to sketch and draw out 
their ideas. In one example from Lesson 5, Mr. M asked students how the plates in a plate 
boundary model were moving. Zadock raised his hand and said, “I feel lava is doing this 
motion (he is waving hands in a circular motion like a convection current).” Mr. M 
responds, “This motion?” Mr. M attempts to capture his ideas in the model on the board 
and then says, "Yeah, you come on up. You do it." Zadock drew his representation, 
which mimicked the same circular pattern he had made with his arms on the board. Mr. 
M then narrated what Zadock was drawing for the rest of the class, saying, “Okay, the 
motion is kind of circular,” adding, “ you have to stay up there, Zadock we may need to 
add something” This positioned Zadock and his idea, as an important part of collective 
the knowledge building, situating him as co-author and scribe for the students’ ideas as 
they worked to further develop the model to show the convection currents in the magma.  
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Students could also be positioned as knowledge builders when they participated in 
classroom experiments and demonstrations. For example, the students were working to 
figure out how two plates interacted when they collided, and one was denser than the 
other. Mr. M highlighted this process by doing a demonstration for the group, using two 
towels as models of the plates, while the students watched, crowded around a table in the 
back of the room. As he pushed the towels together to mimic the plate interaction, he 
asked what they noticed. Samar and Gideon suggested the model showed folding and 
agreed that rock is “bendy” like the putty they used in a previous experiment. Zadock 
countered, “Wait, can mountains go back to their original location? Mr. M responded, “I 
don't know, that is a good question. Well, let’s do it again. I feel like it gave a little bit. 
Wait, let’s do it again. Like, is it elastic? Right? Or is it deformed?’ Zadock, who was 
standing close to the table, said, "I mean—here can I?” while reaching for the towels. Mr. 
M laughed and said, "Yeah, go," handing over the towels. Zadock redoes the 
demonstration for the group, narrating his moves and agreeing with Mr. M that model 
plates bend and snap back "a little." In this moment, Zadock is positioned as an active 
constructor of knowledge as Mr. M allows him the space to build his own understanding 
and express intellectual authority in the moment.  
In conclusion, in my analysis, I detected three ways that the Students Are Knowledge 
Builders message was expressed in the data. First, Mr. M helped students “link into” the 
intellectual work of the classroom by building on their ideas, and then used their ideas to guide 
the class conversation. Second, Mr. M drew on students’ personal experiences as sources of 
knowledge, and third, he structured opportunities for students to represent their ideas through 
multimodal representations, using gestures, drawing models, and by participating in class 
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investigations. This message was one of two messages identified that was horizontal, 
emphasizing the relationship between students and their ideas that and set students up to do the 
knowledge building work in the classroom. I characterize the second horizontal message 
Knowledge is Built Incrementally the next section. 
Message 4: Knowledge is Built Incrementally  
The epistemic message Knowledge is Built Incrementally communicated to students that 
knowledge is developed in stages and can change over time as ideas are revised and refined. I 
identified three variations of the message and call these categories Uncertainty is Welcome in 
this Classroom, We Modify as We Go, and There is Always More to Figure Out. In the first 
variation of this message, Mr. M communicated that being uncertain, or not knowing about 
something, was a welcome, perhaps even desired trait in his classroom, because uncertainty 
played an integral role in knowledge building. His second expression of this message reinforced 
the notion that ideas about science can change and be modified. The third expression of this 
message highlighted that there was always more to learn and figure out. Mr. M conveyed this 
message by taking on the disposition of a learner. He demonstrated this by displaying his 
intellectual curiosity, by emphasizing the new things he learned, and by sharing the questions he 
has and hopes to answer, as a member of the classroom community. 
Uncertainty, intellectual curiosity, and change are central to the scientific enterprise. 
They are inherent to the exploration and inquiry that shape scientific knowledge building. These 
concepts are also drivers of learning that span across disciplines, as trying to "figure things out" 
motivates learning in our daily lives. However, learning at school, particularly in the science 
classroom, has not mirrored this reality. Instead, traditional schooling has placed value in 
certainty and stability at the expense of cultivating students' curiosity and questioning nature. In 
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these settings, science can be presented as a known entity, nonproblematic, and static, rather than 
the socially constructed, creative, diverse, and changing endeavor that it is. For this reason, 
identifying and understanding how a teacher instills and cultivates a culture of curiosity in the 
classroom, and how the incremental building of knowledge is modeled in practice, motivates the 
characterization of the message Knowledge is Built Incrementally.  
Uncertainty is welcome in this classroom. 
In Mr. M's classroom, working with uncertainty was a concept that served as both a 
social norm that was recognized as a critical part of "doing science," and as a disciplinary norm 
of scientific knowledge building. Mr. M modeled these attributes when he acknowledged that he 
was unsure about an answer. One way he signified his uncertainty was by using hedging phrases 
and metadiscursive modifying statements (e.g., "Maybe it works that way, I don't know"; 
"There's like numbers for heights (on a map) or something”). His use of modifiers also 
downplayed the importance of scientific vocabulary words and in turn helped students focus on 
the phenomenon or process they were working to understand. He expressed this variation of the 
message by acknowledging when he was unsure of an answer, sometimes using hedging words 
as modifiers (Kirch & Siry, 2012). 
Another way Mr. M communicated this message in the data was to feign not knowing 
something with the implication that doing so would keep students working to develop their 
understandings and explanations rather than turn to Mr. M as the expert (e.g., Okay, so help me 
figure this out. Why does this stuff rise again?") The following example from the data showed 
how Mr. M positioned himself as "unknowing" to push the groups' learning forward.  
In this example, the night before, the students had completed a reading that highlighted a 
recent volcanic eruption that impacted a resort community. Mr. M asked the students to think 
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about what they would design to help prevent a disaster. In the discussion that followed, Jerry 
suggested that knowing the type of volcano might be useful. Mr. M responded by couching his 
own knowledge, intentionally using a modified version of the word stratovolcano and the 
hedging word “whatever” in the discussion,  
Yeah, so the reading mentioned different types. I have no idea ... like what they 
were talking about. That's what I highlighted. I was like, 'stratovolcano. What's 
that? Like, what's the volcanoes, aren't there? Was anyone able to make sense of 
those, like, new words, stratovolcano? (Nora raises her hand) You were? Okay. 
You guys want to share what you found? 
Nora added, "Uh, We, I just can't remember where it was, but- I don't know. Oh, stratovolcanoes 
um, they were- they tend to release with no warning, and then um- the other one was ... I couldn't 
find it." Mr. M continues, "The non-strato or whatever?" and Nora adds, "Yeah, the other one 
was like, it releases with warning."  
We Modify as We Go 
Throughout the class, Mr. M emphasized how ideas changed throughout the unit. This 
was expressed in three ways that were captured in the data. First, he demonstrated how his own 
understanding evolved over time. Second, he provided opportunities for students to revise their 
own thinking and that of the group. And third, he highlighted the tentative nature of ideas 
suggested during whole group discussion, and reinforced that they could be changed.  
One example of how Mr. M modeled that his thinking had changed over occurred 
towards the unit’s end when students are presenting their cases. At this moment, Mr. M explicitly 
addresses how his ideas had changed. He shared,  
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My morning class ended up making a nice argument for this location here. I had a pretty 
strong idea of what I thought that location was, but actually, for the first time in my life, I 
considered a very different kind of plate interaction that I now believe could be argued 
up. 
He also communicated this message by structuring activities so that students had 
opportunities to revise and critique their ideas and the ideas of others, as they worked to create 
class consensus models that captured their ideas. In one example, students were working to 
identify where volcanoes are located. They are discussing whether volcanoes are always near the 
borders of counties-an idea that has gained traction in the class. Mr. M asks, “Do we agree with 
that statement? They're near the borders of continents or countries?” Students respond 
collectively, "yeah."  
Oh, someone wants to modify it. Who wants to modify that statement a little bit? 
I'll write it up, and we can change it. So, I was going to write it exactly like Trent 
was saying. "Near borders of continents or countries." Okay, but it sounds like we 
have some possible modifications. Zadock, what do you want to modify? 
Mr. also communicated this message by explicitly highlighting those moments when the 
ideas shifted or changed. One example occurred in response to a claim made by Nora, who said, 
"I said some things that weren't in really hot areas but by bodies of water, but then when I heard 
someone else say mountains, I agree with that.” Mr. M responded, "Okay. Now l like that you're 
willing to change your thinking and kind of link in what someone else said, that's really cool, do 
you want to pass it to someone else?"  
 69 
In addition, Mr. M made a particular point to emphasize that ideas change over time by 
couching their work as "what we know so far," and by capturing the groups' tentative ideas as 
they made progress together. Mr. M states, 
Eyes up here. We're getting ready to now break down what everyone agrees are 
the main patterns in the discoveries. I'll write up here is everything that we agreed 
on in one, and I'm not going to know whether we agree on it completely until I 
hear some other people verify that that's the pattern and how we'll describe it. As I 
write it up here, I'm getting ready for us to put in our pink sheets, but not until I 
underline it in red. Okay, because maybe it will be tentative when we first start it 
out. This would be tentatively what we discovered, what we figured out. 
Another way Mr. M communicated this message was to structure participation norms that 
emphasized that tentative ideas were welcomed and expected in his classroom. In this example 
from the data, halfway through the unit, the students are working to explain what happens at 
divergent plate boundaries. The students had started discussing this the day before, and there was 
still a lot of disagreement across the class. In response, Mr. M says, “I need your ideas, because 
like I said, I did not see agreement amongst everybody. I could just cold call anyone...Do you 
want - do you want to talk at your table for a minute?” Some students collectively respond 
“Yeah,” and Mr. M replied, 
“Talk thirty seconds with everyone at your table, then get ready for a cold call, 
cause I do need some ideas. Like I said, you might be tentative because you are 
like, "oh, we are not in agreement, I might be wrong," but we gotta get it out 
there, so let's go. Just talk through it, see what you guys think.” 
There is always more to figure out (I've got a lot of questions, too). 
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The third expression of this message highlighted that there was always more to learn and 
figure out. Mr. M conveyed this message by taking on the disposition of a learner by displaying 
his intellectual curiosity. He accomplished this by emphasizing the new things he learned and by 
sharing the questions he had. For example, in response to a student’s idea that climate and 
volcanoes may impact each other, Mr. M added, 
 It's interesting. I've also seen an effect. I've just looked this up last night, where a 
volcano that was like lightning in the cloud over the volcano, so that's kind of an 
interesting idea. I don't know if it's like small storms, too, and I'm wondering ... 
I've got a lot of questions now. That's- That's cool.  
Later, about midway through the unit, Mr. M similarly responded to Vanessa's 
explanation of mountain building by expressing his intellectual curiosity in the moment:  
“Oh my gosh, you're saying this actually could explain mountains too? I gotta, I 
gotta actually see this happen. We gotta take some less dense and dense plates and 
run them into each other. So, we'll do that back at Lisa's table. Everyone move 
over there so we can see.” 
In addition to highlighting how his ideas changed or how the students' ideas could change 
over time change, Mr. M also emphasized that the ideas presented in the book or the videos were 
also our best understanding up until now and that they can change too. Take, for example, Mr. 
M’s comment about a diagram in the book they were discussing as they worked to develop their 
own model for convection in Lesson 5. He says, 
“Yes, but I don't have evidence for it. I've seen other people's models, but if I 
don't have evidence, it's just another theory that maybe I accept, maybe I don't. 
We could put in our model that there's a heat source down low. I'm okay with 
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that, but what the structure of that heat source is, I don't think we know. Carmen, 
you had a suggestion?” 
In summary, the Knowledge is Built Incrementally message was expressed in three ways. 
These categories comprised what I called Uncertainty is Welcome in this Classroom, We Modify 
as We Go, and There is Always More to Figure Out. The first category communicated that 
uncertainty was a productive component of knowledge building, and was expressed when Mr. M 
was unsure of an answer, or when he used hedging words as modifiers. The second category 
reinforced the notion that ideas about science can change, and was communicated by structuring 
opportunities for students to make revisions and critiques, and by demonstrating that modifying 
ideas was part of the science knowledge building process. The third expression of this message 
highlighted that there was always more to learn and figure out, and was demonstrated when Mr. 
M displayed his intellectual curiosity (or motivation to learn and find answers), by emphasizing 
the new things he learned or wants to answer, and by emphasizing that our state of knowledge is 
always growing. Taken together, these messages conveyed to students that knowledge is 
developed in stages and can change over time as ideas are revised and refined. I describe how 
these messages play out in whole group discussion over the course of the unit in the next section. 
Characterizing the Patterns in Epistemic Messages Across the Unit 
In the following sections, I characterize the frequency and distribution of the four 
epistemic messages across the unit I identified, We Collaborate Together, Everyone’s Ideas are 
Valued, Students Are Knowledge Builders, and Knowledge is Built Incrementally and Can 
Change. I provide some general metrics that describe the frequency of message delivery, and 
then I present four patterns in the message frequency data in greater detail. 
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 I chose to group the classes within the unit by lesson because each lesson had a similar 
goal of instruction (each of the three lessons spanned multiple class periods and included 
multiple activities).  For example, lesson 1 establishes initial ideas and evidence that will used 
for the remainder of the unit.  This lesson that includes three different activities introduces the 
Driving Question, How is the Earth Changing? and contextualizes the remainder of the unit.  
The goal of lesson 5 was to help students understand how convection results in plate movements 
that then form visible features on the Earth’s surface.  This lesson explored aspects of the earth 
plates relative to density, and the student developed models of these processes while completing 
two activities that made up the lesson.  Finally, lesson 10 brought together all the students had 
learned about plate tectonics, and then they applied this knowledge to ten individual case study 
sites around the world, culminating in the presentation of each case to the class.  
Characterizing Message Distribution  
Next, I provide a general overview of how often Mr. M communicated messages, and 
how often and when he used the epistemic messages he described above to frame the activities in 
his classroom. Figure 4.2 shows the percentage of whole group talk by class (1-15) and lesson (1, 
5, and 10) for both Mr. M and the students. Overall, Mr. M had 1,124 of the 2,496 turns of whole 
group discussion, or 45%, and his contribution to whole class discussion remained fairly constant 
over the unit. His talk accounted for slightly less than half of the turns in lessons 1 and 5. He had 
slightly more turns of conversation at the beginning of Lesson 10, when he was supporting 
students when they were figuring out the rules in terms of presenting case studies. He talked less 
during the last three classes of lesson 10 when students were presenting their cases using a 




Figure 4.2 Contribution to whole group discussion, relative contribution of teacher and student 
turns of talk by class (1-15) and lesson (denoted by colored boxes). 
 
Message Frequency Across the Unit  
Table 4.2 shows how often Mr. M communicated each message during whole group 
discussion. The table includes the total number of whole group turns of talk as well as a count of 
the total number of messages delivered by Mr. M. Individual turns of talk could be coded for 
multiple messages which accounts for the larger number of messages than turns. I identified four 






Table 4.2  
Epistemic message frequency by lesson during whole group discussion. 
  
Note. The message headings represent each message (C = We Build Knowledge Together, V = 
Everyone’s Ideas are Valued, SKB = Students Are Knowledge Builders, I = Knowledge is Built 
Incrementally; WG refers to talk coded as whole group discussion). Each message was counted 
once per turn (e.g., if more than one variation of a V message was expressed in the same turn it 
was counted once). Message total reflects the total number of messages identified. WG signifies 
the total number of Mr. M’s turns.  
 
First, I found that all four messages were continually communicated across the unit. That 
is, all messages were present in every class session, as indicated by the presence of each color at 
each time point in Figure 4.2, which shows message frequency by class during whole group 
discussion. Students were engaged primarily in small group work during classes 11 and 12, 
which accounts for the lower message frequency in these classes. Because each turn of talk could 
be coded for multiple messages, the number of total messages identified was greater than the 





Figure 4.3 Message frequency by class. Each color represents a different message. Blue 
represents We Build Knowledge Together; green represents Everyone’s Idea is Important, red 
represents Students Are Knowledge Builders, and orange represents Knowledge is Built 
Incrementally. 
 
 Second, the relative frequency of each message varied. The message Students Are 
Knowledge Builders (SKB) was communicated most frequently, occurring in almost half (45%) 
of Mr. M’s turns of talk on average, while Knowledge is Built Incrementally was least frequently 
identified (I), occurring one third as often, in about 15% of Mr. M’s whole group talk. The We 
Build Knowledge Together (C) was contained in 30% of Mr. M’s turns while Everyone’s Ideas 
are Valued (V) message was identified in 42% of Mr. M’s turns.  
 
Figure 4.4 Message frequency by lesson.  
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Third, the frequency of messages communicated across the lesson varied (Figure 4.4). 
Student as Knowledge Builder and the message We Build Knowledge Together were consistently 
delivered across the unit. While the delivery of the Everyone’s Idea is Valuable message 
occurred more frequently in lesson 1, and then less frequently as the unit progressed.  
 Fourth, the messages co-occurred. There was variation in terms of the total number of 
messages that were delivered in a single turn (e.g., the number of turns that contained only one 
message versus the number of turns that contained multiple messages) as well as the type of 
messages that occurred together (e.g., the number of turns that were coded for both the 
Everyone’s Ideas are Valued and Students Are Knowledge Builders, versus the number of turns 
that contained the messages Everyone’s Ideas are Valued and We Build Knowledge Together). 
Table 4.3  
Frequency of Turns that Contain One or More Messages 
 
 Table 4.3 summarizes the co-occurrence of messages and shows the number of Mr. M’s 
turns that contain one or more messages, as well as the proportion of turns that contained one or 
more messages, summarized by lesson and by unit. These results indicate that turns containing 
one or more messages were frequent, almost 80% of Mr. M’s turns contained at least one 
message. The occurrence of two or more messages in the same turn half as often (39% of turns). 
Turns coded with three or more messages were less frequent, accounting for 14% of turns. 
Instances of all four messages co-occurring at the same time were relatively infrequent, 






Figure 4.5 Message counts and combinations across the whole unit (a) and divided by lesson (b). 
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 The display of message counts and combinations over time revealed that messages were 
communicated in a variety of ways, and when messages occurred together, the frequency of co-
occurrence varied (Figure 4.5). For example, the messages Everyone’s Ideas are Valued, and 
Students are Knowledge Builders messages, occurred most frequently alone, more than two 
times as often as other message or message combination. They also occurred together regularly. 
The other two messages, We Build Knowledge Together, and Knowledge is Built Incrementally 
occurred more frequently in combination with other messages than alone.   
 One co-occurrence pattern identified was that the message Student are Knowledge 
Builders (SKB) co-occurred most often with the We Build Knowledge Together (C) and 
Everyone’s Ideas are Valued messages (V). These findings highlight that there was a high 
occurrence of vertical messages paired with horizontal messages. The Student are Knowledge 
Builders message co-occurred in some combination with the other three messages more 
frequently than any other combination.  
 When message co-occurrences are broken down by lesson (Figure 4.5b), patterning of 
singular messages show that the message Everyone’s Ideas are Valued was communicated 
almost five times more frequently in lesson 1 than lesson 10.  The message Students are 
Knowledge Builders message decreased slightly in lesson 5 but increased by nearly a third in 
lesson 10. The distribution of messages by lesson showed that turns that contained three or more 
messages happened most often in lesson 5 and that multiple message combinations that included 
Knowledge is Built Incrementally were most frequent in lesson 5, which may indicate that the 
messages communicated are related to the type of task the students are engaged in and/or the 
pedagogical goals the teacher is trying to achieve. For example, students were involved in 
developing and modifying models in lesson 5, so they were grappling with uncertainty as they 
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built on what they understood and modified their new ideas as the lesson progressed, and Mr. M 
supported students by communicating the message Knowledge is Built Incrementally more 
frequently as a result.     
 Finally, to further characterize messages, I examined the frequency of messages and 
subcodes across the unit (Table 4.4). Results shown here include those subcodes that were 
applied across the unit.  
Table 4.4  
Frequencies of Messages with Subcodes 
 
Note: The column for each message type reflects the general message subcode, and each related subcode 
follows to the left. The message We Build Knowledge Together (C) did not have subcodes.  Blue shading 
represents relative frequency of each message subcode. The darker the shading, the more frequently the 
message subcode of each message was expressed. The total number of messages accounts for all subcodes 
expressed in each turn (e.g., both a VC & VL message occurred in the same turn, so both subcodes were 
counted). 
 
 Display of the subcodes across the lesson indicate not only that Mr. M communicated 
more messages at the beginning of the unit than at the end, but that Mr. M communicated more 
specific variations of the messages at the beginning of the unit. Specifically, leveraging students’ 
personal experiences as a way of positioning students as knowledge builders, a subcode of the 
Students are Knowledge Builders message was only communicated in the first lesson (SKB-P). 
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In addition, variations of Everyone’s Ideas are Valued (V) were communicated most frequently 
across lessons 1 and 5, with messages that communicate a students’ ideas are important using 
metadiscursive descriptors (e.g., “That’s a great idea”) (VC) or by revoicing students’ ideas (VR) 
communicated twice as often as messages where the teacher is emphasizing that students should 
speak louder, so their ideas are heard by others (VL).  These messages communicate specific 
expectations about how students are expected to participate in the classroom community, so it 
makes sense that these messages would be frontloaded in the unit.  The total number of the 
Everyone’s Ideas are Valued messages decreased over the unit, as does the specificity of the 
message subcodes by lesson 10, where the majority of these messages were more general and not 
subcoded for a particular kind of participation, perhaps because the messages communicated 
earlier in the unit were internalized by the students so more specific cues for participation were 
not needed.  Likewise, more specific subcategories of the message Knowledge is Built 
Incrementally are communicated in lesson 1 and lesson 5. Again, communicating that 
uncertainty is welcome (IU) or that ideas can change and be modified (IM), and that there is 
more to figure out (IF) set up expectations for how students should interact with their ideas, and 
provided more explicit guidance at the beginning of the unit, as well as provided support during 
lesson 5 when the students were tasked with building and modifying their ideas and models.  
Fewer messages are communicated in lesson 10, perhaps because students internalized the 
messages, or the tasks did not require specific messaging.  
In summary, I identified four patterns in the frequency and distribution of epistemic 
messages across the unit. First, all four messages were continually communicated by Mr. M 
during unit enactment, with almost 80% of his turns containing at least one message. This 
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suggests that these epistemic messages were an integral part of the classroom culture Mr. M 
fostered and that they undergirded the other activities in the classroom.  
  Second, the relative frequency that each message was communicated varied. The 
Students Are Knowledge Builders was the message most often communicated, followed by the 
messages We Build Knowledge Together, and Everyone’s Ideas are Valued. The message 
Knowledge is Built Incrementally and Can Change, was communicated less frequently.  
Third, how these messages were communicated over the arc of the unit by lesson, varied 
by message. For example, the message Everyone’s Ideas are Valued, was communicated more 
frequently in lesson 1 than in lesson 5 and 10. This pattern potentially aligns with Mr. M’s 
efforts to support student participation in his class and suggests that the Everyone’s Idea is 
Valued messages at the beginning of the unit could be important to support student participation. 
Further, the investigation of message subcodes supports this idea.  More specific messages about 
how students should participate with each other were communicated in the subcoded variations 
of this message expressed most frequently in lessons 1 and 5. Similarly, messages that support 
student knowledge building in relation to their ideas were communicated most often in the first 
two units, which are in alignment with the classroom culture Mr. M was trying to establish and 
with the type of tasks Mr. M was supporting at the beginning and mid-point of the unit. 
Fourth, messages occurred together in particular combinations. The Students Are 
Knowledge Builders message, a vertical message, most commonly occurs with either the 
message We Build Knowledge Together, or the Everyone’s Ideas are Valuable, the two 
horizontal messages identified, which potentially aligns with the goals of integrating the social 
and epistemic aspects of instruction.  Additionally, examining message co-occurrence by lesson 
shows that turns with three or four messages happened most often in lesson 5, and that these 
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turns also regularly featured the message Knowledge is Built Incrementally, which was not 
expressed individually as often, suggesting that the messages communicated may be tied to task.   
Taken together, these findings begin to paint a picture of how Mr. M (re)engaged 
students in the intellectual work of doing science in his classroom. Using selected moments, I 
will examine what this looked like in practice in the next chapter.  
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CHAPTER 5: FINDINGS 2 
Characterizing Focal Episodes 
In the previous chapter, I characterized four specific epistemic messages I identified 
through microgenetic analysis of teacher talk during whole group discussion. These messages 
include Everyone’s Ideas are Valued, We Build Knowledge Together, Students Are Knowledge 
Builders, and Knowledge is Built Incrementally. I described the dimensions of each message in 
terms of the way it was expressed, and I examined both the frequency and the co-occurrence of 
these messages. The purpose of this chapter is to examine in greater detail how the messages and 
the patterns that were exhibited play out and play together over the course of the unit.  
Hotspot Analysis 
 To do this, I present three focal episodes selected from sections of the data that I 
classified as “message hotspots” because they exhibit message diversity and frequency and 
reflect the patterning I identified in earlier analyses shared in chapter 4. The focal episodes come 
three different lessons across the unit. I describe each episode in turn below, providing 
background context for each episode, a detailed description of the classroom activity that 
occurred during each episode, and a discussion about how each message was enacted. I draw 
from the epistemic messages characterizations I presented in the last chapter and break each 
episode into smaller excerpts to demonstrate the interplay of messages in classroom enactment. 
Taken together, these focal episodes show how epistemic messages are woven through Mr. M’s 
classroom instruction. I conclude the chapter by summarizing the patterns that were identified 
across the focal episodes.  
Episode 1: Everyone’s Ideas are Valued, and Uncertainty is Welcome in this Classroom 
This first focal episode highlights the enactment of two epistemic messages in the classroom. 
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First, this episode characterizes the many ways that Everyone’s Ideas are Valued is 
communicated in the classroom. One reason I chose this episode was because it reflects one of 
the patterns identified in earlier analyses that showed that the message Everyone’s Ideas are 
Valued occurred more often frequently at the beginning of the unit.  
In addition, this focal episode highlights two dimensions of the message Knowledge is 
Built Incrementally, Uncertainty is Welcome in this Classroom, and There is Always More to 
Figure Out. This episode taken from the second day of instruction, illustrated how this horizontal 
message, in all of its rich variation was enacted in the classroom, and set the stage for students to 
engage in knowledge building. I show the way Mr. M used metadiscursive tags like “that’s cool” 
to affirm student ideas and how he selectively revoiced students’ ideas to both position students 
as knowledge builders and to shape the course of instruction in the class.  
This episode also illustrates different ways the message Knowledge is Built Incrementally 
was expressed. How, for example, Mr. M displayed his uncertainty by using hedging words 
productively to deemphasize canonical definitions and instead support sensemaking to frame the 
classroom as a space where students share the knowledge to collectively figure things out. This 
episode also demonstrates how Mr. M positioned himself as uncertain or unsure of an answer, 
and how this worked to further the knowledge building potential of the classroom, by framing 
the classroom as a space that welcomed uncertainty.  
In this focal episode, I share excerpts from the first 49 lines of this whole group 
conversation. I highlight the epistemic messages Mr. M communicated in the discussion by 
closely examining smaller segments of the episode. I have segmented the 49 lines into six 
excerpts, to highlight in detail how epistemic messages were communicated by Mr. M in his 
classroom. Each excerpt highlights one or more patterns of epistemic messaging. In each excerpt, 
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I provide a brief overview of what is happening in the classroom, I share the related transcript, 
and then I summarize the epistemic messages that were expressed. I do this for each excerpt, and 
then summarize the overarching patterns at the end of the whole episode.  
Episode background.  
 
This episode begins at the beginning of the second day of the unit. First, I briefly 
characterize the lesson from the day before, the first day of the unit, to set the context for the 
episode described below.  
The day before this episode, Mr. M began the unit How is the Earth Changing? 
Following the curriculum, he opened the unit by asking the students, Where do you think 
volcanoes are usually found? asking the students for their predictions and initial ideas. During 
the initial lesson he called on students, and they responded to his questions with short, simple 
answers that were often one word, (e.g., Hawaii, near water, islands, etc.). He probed students for 
more information about where they would find volcanoes, and what the characteristics of those 
locations were. The students focused primarily on where volcanoes existed geographically (e.g., 
in Europe, near water, in oceans).  
The students were then given data maps that showed global volcanic activity as they 
began investigation 1.1, the first activity. Mr. M frames the rest of the class period as an 
investigation of patterns in the data. He pushes students to generate ideas and work with partners 
to identify patterns using the maps, which Mr. M captured on the board toward the end of class.  
This episode characterized in detail below begins at the start of the second class period. 
In this session, they continue to work together to figure out where volcanoes are located and to 
generate and refine the list of where volcanoes occur. At the beginning of the class, the students 
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together with Mr. M characterized some the features of volcanoes by discussing a reading about 
volcanic hazards they read the night before for homework.  
As the class began, Mr. M copied the list of ideas the students had generated the day 
before on the board. He reminded students to get out their pink sheets, an organizational tool that 
they used to record the big ideas they come up with over the unit. The students had read an 
article about a volcanic eruption for homework.  They were asked to review the article by 
reading it, highlighting interesting sections, and then annotating the article with questions or 
comments. This was a strategy the students were familiar with, and they referred to it over the 
unit.  
As Mr. M described the day’s activities, he is walked from table to table, starring 
particular students’ articles which is where this episode begins. He frontloaded class 
participation by starring students’ papers at the beginning of this discussion. This way the 
students understood that they were expected to contribute to the conversation but were not put on 
the spot in the moment, rather they knew they were going to be called on during the discussion. 
Mr. M structured who participated by calling on these students, by these asking students to assist 
in directing the conversation by choosing who would talk next, and by opening up the 
conversation to those who wanted to volunteer.  
Excerpt 1: Cool, I Didn’t Think of That, Using Meta-discourse Descriptors  
 
Throughout the whole episode, Mr. M explicitly structured and facilitated student 
contributions. In this excerpt, we see him communicating the Everyone’s Ideas are Valued 
message using meta-discourse descriptors to affirm Vera’s ideas as he facilitated her contribution 
and structured participation in the class. We also see Mr. M communicate one variation of the 
Knowledge is Built Incrementally message, when he remarks that Vera’s idea is new to him. 
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Mr. M: Okay, so I went around and- I went around and picked five that 
looked like some interesting ideas to share out. I loved those who 
took part the conversation too. What I asked you to do last night 
was to think about like what do we need to figure out for as 
engineers, and scientists, in your case, to design something to help 
prevent what happened two days ago. Right? 20 people from what 
I understand were at a resort or retreat, an uh, they died. It was 
kinda sad. Probably could have been prevented if we had- had 
some technologies that could do that, so um, I'd love to hear some 
ideas. Um ... I think we were over here. Maybe first, Vera, will 
you share yours? 
Vera: Sure. Um ... I said maybe if we, like, sensor that could tell, like, 
like or- or the- for the military. 
Mr. M: Yeah, so can imagine, like the stuff that you buy at the store, the 
technology. There's some kind of sensor we could build. Do you 
have any idea what people would want to- what you would need 
to sense? 
Vera: Like maybe, like, what texture, what kind It emits? Or how much 
it emits? 
Mr. M: So, keep track of eruptions over time. Cool, there might be a 
pattern to it. I never thought of that. That's kind of neat. Uh- Oh 
and look Vera, a lot of people like your idea. They want to 
piggyback off of it, so I will go to the others that I starred too, but 
I'm gonna let Vera pick one other person to try to link into her 
idea. 
Vera: Lisa. 
Lisa: Okay. I know this isn't linked into her idea, but like, also focused 
on being, like instant sensors like it- like I know there's some 
sensors that like focus on motion, and maybe temperature. 
 
Throughout this section of the discussion, the students shared their ideas related to what 
they would design to prevent volcanic eruptions. Here, Mr. M sets the stage for the collective 
sharing of ideas, and then asked Vera to share hers. He affirmed Vera’s idea about using a 
sensor, posed some clarifying questions, and asked her what she would measure with the sensor. 
Vera settled on measuring something that is emitted from the volcano, perhaps gases or lava, (it 
was not clear from her comment what she intended). Mr. M built on her remark, acknowledging 
the tracking eruptions over time was a new idea to him (e.g., “I never thought of that”), one way 
the message Knowledge is Built Incrementally is communicated. He also emphasized that others 
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liked her idea too, communicating the Everyone’s Ideas are Valued message, opening up space 
to build on Vera’s idea. Mr. M then positioned Vera as a knowledge builder, asking her to select 
the next speaker to connect to her idea. Vera called on Lisa who clarified that she wasn’t linking 
to Vera’s idea, but also talked about sensors and included temperature and motion as possible 
things to measure. Mr. M again sent the Everyone’s Ideas are Valued message when he used 
“Cool” as a meta-descriptive tag to affirm Lisa’s idea. 
Excerpt 2: Cool, I’ve got a lot of questions now: Knowledge is Built Incrementally  
 
In this next segment, we see Mr. M communicate the messages Everyone’s Ideas are 
Valued, and the Knowledge is Built Incrementally in this conversation. Mr. M used a cold call 
strategy to select one of the students whose paper he’s starred, the next speaker, Storm. When 
Storm responded softly that he thought a system that detects weather was key, Mr. M asked him 
to restate his idea in a louder voice, one way in which the Everyone’s Ideas are Valued message 
is delivered. 
     Mr. M: You like sensors, too? You're thinking, maybe, in addition to the 
time one, some motion and temperature ones? That's cool. That's 
cool. What else did we s- so I'm gonna do another cold call. Do 
want start over here? Can you share yours? Storm? 
Storm: Uh- I said doing it so that it impacted the weather, kind of. 
Mr. M: Uh- say it again. 
Storm: Uh- a system that can detect the weather, kind of, changes. 
Mr. M: So, why are you thinking weather climate? That's interesting. 
Storm: Because uh- multiple volcanoes are usually during like, a storm. 
Mr. M: Oh cool. So, you think there's a relationship between weather and 
climate: storms and volcanoes? That's cool. My group this 
morning brought that up, too. Um- what do you think of st- 
storms? Have you seen like, storms with volcanoes? 
 It's interesting. I've also seen an effect. I've just looked this up last 
night, where a volcano that was like lightning in the cloud over the 
volcano, so that's kind of an interesting idea. I don't know if it's 
like small storms, too, and I'm wondering ... I've got a lot of 
questions now. That's- That's cool. Did I star anyone else here? 
Did I star yours? Jerry? 
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In this segment, asking Storm to revoice his move gave Storms’ idea more “airtime” and 
helped to assure that everyone heard his idea. Mr. M ended his comment with “That’s 
interesting,” reaffirming Storm’s idea, and sending the Everyone’s Ideas are Valued message. He 
then picked up the thread from Storms’ comment about storms and volcanoes, and selectively 
revoiced Storm’s idea that there is a relationship between weather and climate. This move helped 
to shape the direction of collective knowledge building toward investigating patterns, one of the 
goals initially brought up at the beginning of the unit. Mr. M also positioned Storm as a 
knowledge builder when he communicated the Students are Knowledge Builders message by 
asking Storm if he had any personal experience with storms and volcanoes. In the last line, Mr. 
M emphasized that he has questions too and communicated one variation of the Knowledge is 
Built Incrementally message, that there is always more to figure out. 
Excerpt 3: Variations on Everyone’s Ideas are Valued message  
 
This next segment of the conversation highlights different ways that the Everyone’s Ideas 
are Valued message is communicated. It begins when Mr. M asks Jerry, one of the students 
whose idea was starred, what he would need to know to design a system that detects volcanic 
eruptions. Jerry answered Mr. M’s query, bringing up the new ideas of geographic scale, volcano 
type, and if the volcano is active or not as important. Jerry shares that he thought knowing about 
geographic scale was important. Mr. M then clarified Jerry’s idea and then revoiced it, pausing to 
make sure he represented Jerry’s ideas accurately. 
  
Jerry: Um, so I would need to know the geographic scale and what the 
type of volcano is, and if it's dormant or not. 
Mr. M: Can you go a little louder? 
Jerry: I would need to know the geographic scale and what type of 
volcano it is, and if it's dormant or not. 
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Mr. M: So, tell me about the first thing. What do you mean by the scale? 
That's kind of a cool idea I think. I just don't know what you mean 
by scale? 
Jerry: I meant geographic scale. 
Mr. M: Do you mean like on a map? 
Jerry: Mm-hmm (affirmative). Yeah. 
Mr. M: Am I putting words in your mouth? Do you mean something else? 
What was the second one? 
Jerry: Um. What type the volcano is. 
 
  In this segment, Mr. M communicated the Everyone’s Ideas are Valued message in a 
variety of ways. He communicated this first when he asked Jerry to repeat his idea, so the group 
hears it. After Mr. affirmed Jerry’s idea, he asked a clarifying question about scale that prompted 
Jerry to explain more about what he meant. When Mr. M paused to make sure he has understood 
Jerry’s idea, and then checked to see if he was reflecting Jerry’s ideas accurately, he 
communicated another variation of the Everyone’s Ideas are Valued message, by emphasizing 
the contribution of Jerry’s idea, and acknowledging him as the author of the idea. Mr. M also 
communicated the Students Are Knowledge Builders message by asking a directed question 
about scale, and positioning Jerry as a knowledge builder.  
Excerpt 4: Use of the Knowledge can Change Incrementally Message to Support Student 
Knowledge Building  
This next segment provides an example of how Mr. M frames the classroom as a place 
where uncertainty is welcome in the classroom; one strand of the Knowledge is Built 
Incrementally message. In this section, Mr. M builds on Jerry’s idea that the type of volcano was 
important, checking to see if others in the class could make sense of the different volcano types 
and the words that define them. To do this, Mr. M referred to the previous nights’ reading and 
shared that the word “stratovolcano” was new to him; he asked the class for help to make sense 
of the new vocabulary. Nora volunteered her ideas and elaborated, saying that stratovolcanoes 
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erupt with a warning while the other kind of volcano, whose name she cannot recall, released 
without notice.  
Mr. M: Yeah, so the reading mentioned, different types. I have no idea ... 
like what they were talking about. I- That's what I highlighted. I 
was like, 'Stratovolcano. What's that?' Like, 'what kind of 
volcanoes, are there?' 
Mr. M: Um- Did- Was anyone able to make sense of those, like, new 
words, 'stratovolcano.' You were? (referencing Nora’s table with a 
nod) Okay. You guys want to share what you- 
Nora: Uh- We, I just can't remember where it was, but- I can't remember 
where it was. I don't know. It was uh- oh- straddle volcanoes um, 
they were- they tend to release with no warning, and then um- the 
other one was ... I couldn't find it. 
Mr. M: The non-strato or whatever? 
Nora: Yeah the other one was like, it releases with warning. 
Mr. M: That's make me think that for like, for Vera's original point that 
maybe there's a certain type of volcano that you can keep interval 
data for that would be helpful, but maybe the other type you need 
some other measures. Right? Is it like- In fact, I see on yours, you 
said stratovolcanoes are known for unpredictable intervals? 
(referencing Jerry’s paper) That feels like time, doesn't it? The 
timing thing? Cool. Uh- Does anyone else want to link into that 
last idea about timing? Jerry, you want to call on someone? 
 
In this segment, Mr. M mentioned that he had “no idea” what they were talking about and 
emphasized his own uncertainty about the different volcano types, asking, “Stratovolcano? 
What’s that?” communicating the message Knowledge is Built Incrementally when asking if 
anyone could make sense of these new words “stratovolcano.” It is likely that Mr. M was well 
aware of what a stratovolcano was, but he took up a disposition as a learner in the classroom 
community, feigning his lack of understanding to open up space for the students to share their 
ideas and do the knowledge building work. Nora also shared her uncertainty as to what the other 
volcano types were. When Mr. M acknowledged her idea about stratovolcanoes and suggested 
that the other volcano type is “a non-stratovolcano, or whatever,” he used the term “whatever” as 
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a hedging phrase to couch his response as uncertain and to reinforce his communication of the 
message Knowledge is Built Incrementally. Mr. M’s use of the word “whatever” deemphasizes 
the importance of using known science vocabulary when trying to figure things out, and instead 
focuses on Nora’s idea. The use of this phrase also softens Mr. M’s role as the authority in the 
classroom by opening up the conversation to other possibilities.  
 At the end of this segment Mr. M referenced Vera’s earlier point, publicly referring to the 
idea as Vera’s, one way of communicating the Everyone’s Ideas are Valued when he suggested 
that interval data might be a good measure for some volcanoes but that other types might require 
different ways to predict eruptions. He also highlighted Jerry’s idea when he referenced his 
homework by saying “Right, I see on yours, you said stratovolcanoes are known for 
unpredictable intervals.” In addition, Mr. M also reinforced the Students Are Knowledge Builders 
message, when he asked if anyone wanted to link into the last idea about timing. He returned to 
the original author of the idea, Jerry, asking him to direct the conversation by choosing who 
would talk next which communicated the message, We Build Knowledge Together, that 
emphasized that knowledge building was a communal activity in this classroom.  
Excerpt 5: Framing the Classroom as Open to Uncertainty  
In this segment both messages, Everyone’s Ideas are Valued and Knowledge is Built 
Incrementally are demonstrated. In particular, two variations of the Knowledge is Built 
Incrementally message was shown that included instances where uncertainty is welcomed in the 
classroom, and moments where there is always more to learn were highlighted, in the way Mr. M 
framed the class.  
In this portion of the discussion, they are considering the features of a topographic map. 
First, Jerry called on Olivia, who asked Jerry what he meant by geographical scales, and if he 
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meant a map. Mr. M replied and emphasized that he was glad that Olivia asked Jerry because it 
clarified a question he had. Next, Mr. M referred to the topographic map as a height map, to 
which Olivia responded topographic reach. Mr. M started to say with authority, “Well 
elevation…”, and paused, perhaps feeling as though he was evaluative, and said less 
emphatically, “Topographic is elevation.” Olivia replied, maybe thinking about the physical map 
itself, saying, “except it’s a flat graph.” Mr. M responded simply revoicing, “its flat.” Olivia 
continued to describe the features of the map. Mr. M positioned himself at the board while 
conjecturing that he had seen a map like this before, taking a tentative position, while sketching 
out the broad features of a topographic map, drawing and labeling concentric circles on the 
board, asking if it “looks like this?” Olivia responded yes, to which Mr. M added, “there’s like 
numbers for heights or something,” using hedging words to frame his uncertainty. Mr. M then 
asked if students were familiar with this kind of a map, and some students raised their hands. He 
explained how these maps (with elevation heights) were used a lot in the past, but now they are 
made by computer, with heights shown by different colors, and offered to get copies of these 
maps if students wanted to use them.  
Jerry: Sure. Olivia. 
Olivia: By geographical scales, you mean like a topographical map, where 
they have like a bunch of lines and circles, and then they have the 
feet and elevation written on it? 
Jerry: Mm-hmm (affirmatively). Yeah. 
Mr. M: Oh. I'm glad you asked, because I thought you just meant a map. 
Well you mean a height map. 
Olivia: Topographical reach. 
Mr. M: Well elevate- Topographic is elevation. 
Olivia: Except it's like a flat graph. 
Mr. M: It's flat. 
Olivia: And it has the circles, and then the- 
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Mr. M: Uh- I think I've seen this. So, you mean like it's a map you look 
down on, and it's uh- It looks like this? (draws concentric circles 
on the board)  
Olivia: Yeah. 
Mr. M: There's like numbers for heights or something? 
Olivia: Mm-hmm (affirmatively). 
Mr. M: How many of you have seen maps like that? We used to make 
them a lot in the past. These days nothing to come up, with 
computers they do more color-coded ones. Where they do like 
high is like r- like white and down below is like green, and they 
even do it for the ocean. Like dark blue is deep blue is like deep 
light blue-ish. So they have versions of that. We can get that for 
you guys. That's cool. An elevation map. That's a great idea. 
What- What did you uh- What'd you put for yours?  
 
In this segment, Mr. M communicates epistemic messages in the following ways.  
Mr. M communicated the message Everyone’s Ideas are Valued when he emphasized that 
Olivia’s specification of the map showing elevation was useful, and highlighted that using 
topographic maps to answer their questions were “a great idea” at the end of the segment. He 
clarified Olivia’s idea by drawing and then asking, if he captured her ideas on the board. He also 
communicated one dimension of the Knowledge is Built Incrementally message by highlighting 
something he is uncertain about (e.g., “I think I’ve seen this?…”) and using the hedging word 
“something” (e.g., “There’s like numbers for heights or something”) to soften his description of a 
topographic map, so that Olivia’s idea, and not simply his own, are represented on the board. He 
shaped the direction of instruction by selectively revoicing Olivia’s idea that topographic maps 
are flat, another dimension of the Everybody’s Ideas are Valued message. He also supports the 
message that knowledge is built together by suggesting that “we can get that (elevation maps) for 
you guys” to use as they work on the unit.  
Excerpt 6: Using Hedging Words to Signify Uncertainty  
 
In this segment, additional examples of the Everyone’s Ideas are Valued message were  
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communicated. We see Mr. M communicate this message by making sure ideas are heard, 
revoicing students’ ideas, and using metadiscursive tags to affirm them.  
Mr. M returned to soliciting ideas from the group about designing a tool to detect 
volcanic eruptions. He pointed to Senna and asked her to share her idea. Senna suggested a meter 
inside the volcano that triggers when heat rises. Mr. M asked Senna to repeat her idea in a louder 
voice, which she does. Mr. M picked up on the heat is rising idea, and suggested that it was 
interesting, by explicitly valuing her idea by adding “Oh, cool” as a metadiscursive tag. Senna 
clarified that she means that the temperature rises. Mr. M came back to her idea of rising and 
asked if she would have two sensors or something, to see the heat rising, or something, each 
statement ended with the word “or something.” Mr. M affirmed the idea, and then wondered if 
he has called the last person who’s paper he starred, asking “did I have one more?” Vanessa 
raised her hand, and he called on Vanessa.  
 
Senna: Oh um- Maybe some type of meter that's triggered when heat 
rises, like inside the volcano. 
Mr. M: Did you hear that? Little bit- Little bit- Little louder. 
Senna: Um, some type of meter inside the volcano that triggers when heat 
rises. 
Mr. M: Oh, cool. So you do like uh- kind of a- what do you mean heat 
rises? That's an interesting idea. 
Senna: I mean, like, um- it gets warmer. 
Mr. M: But you said rising, too. So you like, would have like two sensors 
or something? Like see if the heat is going up or something? 
That's a cool idea. Uh, did I have one more? I forget whose it was. 
Okay, Vanessa. 
 
In this segment, Mr. M communicates the epistemic message Everyone’s Ideas are 
Valued by asking Senna to speak louder so the classroom community could hear her. He also 
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revoiced her ideas and then affirmed them in both (e.g., “Oh cool”), and in (e.g., “That’s a cool 
idea”), additional indicators of the Everyone’s Ideas are Valued message. 
 Mr. M also communicated that uncertainty is welcome in the classroom, one dimension 
of the Knowledge is Built Incrementally message, by using the modifying statement “or 
something” which also opens up the conversation to other ideas and softens his position as the 
authority of knowledge in the classroom.  
In summary, this focal episode provided rich examples of the Everyone’s Ideas are 
Valued message, a message that was found to be communicated more frequently at the beginning 
of the unit. As this focal episode illustrated, this message was communicated in a various ways 
that included the use of metadiscursive tags (e.g., that’s cool) to affirm students’ ideas. Mr. M 
delivered this message by emphasizing that students should speak louder so their ideas were 
heard by the classroom community. He also emphasized the contribution of each students’ ideas 
to the classroom community by revoicing them. This increased the “airtime” each student’s idea 
received, his strategic revoicing of select portions of student’s ideas allowed him to both affirm 
their influence on the conversation and to shape the direction of instruction.  
This focal excerpt also highlights some ways in which the Knowledge is Built 
Incrementally message was communicated by highlighting that uncertainty was welcome in the 
classroom. Sometimes Mr. M used hedging words (e.g., “something” and “whatever”) to modify 
his responses. When Mr. M framed his uncertainty in this way, it softened his role of authority in 
the classroom, and positioned the students to make progress on their own ideas. He also 
expressed another dimension of this message, There is Always More to Figure Out, when he 
acknowledged that he had questions he was wondering about too, and framed the classroom as a 
place to “figure out” the answers to ideas or questions they are curious about.  
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Episodes 2 and 3: Initial Ideas about Convergent Plates 
In this section, I analyze two episodes that come from the same section of the data. The 
episodes are temporally and conceptually connected but display different patterns in the data that 
I explore. The data is from lesson 5, and the video comes from the seventh of the 15 videos 
recorded so the students have worked through about half of the unit. In this lesson, which spans 
four class periods, the students investigate the question, How do Plates Interact with Each 
Other? In Mr. M’s classroom, this means that students are sharing their initial ideas, and that 
they use these ideas to develop models that explain how phenomena (in this case, plate 
boundaries) work. Students investigate the data and modify and refine their models throughout 
the unit. They use this knowledge to explain how and why the Earth looks the way it does in 
particular case study locations, the goal of lesson 10. 
At this point in the lesson, the students are investigating plate boundaries. At the start of 
class, Mr. M posted three questions on the board that asked the students to provide their initial 
ideas about what is happening at different plate boundaries 1) Where the plates are spreading 
apart, 2) Where plates are rubbing together, and 3) Where plates are moving towards each other. 
He sets up the discussion by asking, “What would we look for to convince ourselves that plates 
are spreading there?  What are we looking for to convince ourselves that there is rubbing going 
on there, and what would we look at for three (when plates move together)?"  
 Earlier in this class period, the students discussed and identified areas where divergent 
plates, or plates moving away from each other, could be found, building from an investigation 
they started the day before. Mr. M makes a point to talk through the meaning of the word 
divergent, talking about root words as a starting point, but in his classroom, he places the 
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emphasis on understanding how plate boundaries work (i.e., the mechanisms behind their 
movement) rather than simply learning the terms used to define them.  
After working in small groups and through discussion at the beginning of the class, the 
students first considered both divergent and transform plate boundaries, and the patterns they 
would have to see in the data (for example, new plate material forming on the sea floor to 
identify a divergent plate boundary). Once referring back to an investigation they did in lesson 4 
where they used graham crackers and Jell-O to model plates rubbing and sliding past each other, 
they also decided that increased earthquake activity served as good evidence of a transform plate 
boundary.  
  In this episode, the students try to explain how convergent boundaries, when plates move 
toward each other, work, and figure out what patterns in the data they would look for as evidence 
to identify them. To do this, they are building on concepts of convection and the relative density 
of the Earth’s plates, two ideas they discussed in lesson 4, and are still working to understand.  
The crux of the issue is that the hot rock or mantle that underlies the plates of the Earth is 
heated from below. As the rock is heated, it rises because it is less dense than the rock around it. 
The convection cycle that results acts as a conveyor belt moving the plates of the Earth. Plates of 
continental crust (i.e., crust of equal density) crumple into each other and form large folded 
mountains when they move toward each other. However, ocean crust is denser, and when it 
collides with the relatively lighter continental crust, the oceanic plate slides underneath, or 
subducts under the lighter plate. As the subducting plate sinks, the crust is heated. It melts and 
then rises, expressing itself at the surface as an arc of volcanoes or volcanic mountains. The 
students work to model this throughout lesson 5. In this episode, they are at the beginning of this 
process. This episode occurs towards the end of the second day of instruction for this lesson, and 
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the students are discussing what happens when two plates move towards each other together and 
converge. 
Analyzing Epistemic Messages 
This episode contains rich examples of the epistemic messages communicated by Mr. M 
during his instruction. My analysis here highlights two different patterns identified in epistemic 
message delivery. The first involves those instances where four messages co-occurred together 
and were communicated by Mr. M in the same turn. These turns were infrequent; previous 
analyses identified 26 occurrences across the dataset, 90% of these turns occur in moments when 
Mr. M is framing and launching a task. 
The second pattern identifies those instances when the horizontal messages, or messages 
that emphasize how the students interact with each other during knowledge building (Everyone’s 
Ideas are Valued, We Build Knowledge Together) precede or co-occur with the vertical 
messages, messages that emphasize students relationship to the ideas generated in knowledge 
building (Students Are Knowledge Builders, and Knowledge is Built Incrementally). These 
messages are now interspersed with or co-occur with the Students Are Knowledge Builders 
messages, as Mr. M helps students link into the intellectual work, by asking students directed 
questions, or by framing questions to the classroom community to answer rather than answer 
questions or provide answers directly himself. The message We Build Knowledge Together was 
also identified as co-occurring with the Student are Knowledge Builders message illustrated in 
this episode.  
While not the focus of this analysis, it should be noted that as in the episode analyzed 
previously, and in line with previous analyses, the communication of the Everyone’s Ideas are 
Valued messages remain consistent, and are delivered when Mr. M uses meta-discursive 
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descriptors to affirm students ideas, when he revoices students’ ideas, or asks them to speak 
loudly or “go public” so the classroom community hears their ideas.  
 I discuss the first pattern, the co-occurrence of multiple messages in a signposting turn in 
the first excerpt, and unpack the messages communicated in this turn below.  
Episode 2: Framing the classroom 
Excerpt 1: Directing the students to pertinent information.  
At the beginning of the episode, Mr. M set up the discussion around convergent 
boundaries by providing the students with some data that showed the approximate densities of 
continental and oceanic plate material (reproduced in Table 5.1). They refer to this table in the 
episode, using it to make sense of convergent plate boundaries. Mr. suggests that this is the kind 
of data an oil company might use, and asks the student how this data might help them predict 
what happens when two plates meet.  
Table 5.1 
The Data Provided to the Students to Support Their Understanding of Convergent Plate 
Boundaries. 
Plate Type Rock Type Relative Thickness  Rock Density 
Continental Granite Thicker  2.65 g/mL 
Oceanic Basalt Thinner 3.01g/mL 
  
After Mr. M quickly addresses a table where students aren’t tracking with class activities, 
he has the students work in groups briefly to talk about how this data could help them make 
sense of what is happening. He then brings the group back together to discuss what they think, 
drawing on an idea Olivia suggested when talking with her small group. His first exchange is 
quite long and serves to orient the class to what is coming next, directing the students to the 
pertinent information. Often Mr. M framed classroom discussion this way, with a longer turn of 
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talk to launch the task. In addition to orienting information, these longer turns that framed tasks 
were embedded with multiple epistemic messages. 
Mr. M: Well, you got to- You said trenches, and we talked about it's that, but 
the mountain thing might be harder to explain, right? Like, why would 
there be mountains and trenches? Interesting. Okay, so I- I'm going to 
look at someone else's model for a second, but I need to give you first a 
piece of data. I don't like just to rely on other people's models, I like us 
to figure stuff out. So, here is one more piece of data.  
 
So, scientists will leave uh- maybe this is more like oil companies, I 
feel like they're the ones digging in the ocean, they like, drill down for 
oil, right? They pull up material when they do that. Uh, if you drill 
down the two miles or so where we said was the deepest line on earth 
is, in general you tend to hit this kind of rock. Um, a kind of (inaudible) 
granite. This is the third time I've got your attention, (inaudible) 
(talking to Bel and her table) So anyway, as I was saying, on the 
continent I can't tell granite from basalt, whatever that is, but there is a 
difference there, in terms of some properties you know (points to the 
data table on the screen). So, I want you to talk in groups one more 
minute; how could this data help us predict what's going to happen 
when two plates meet? One more minute. (Small group discussion for 2 
minutes) 
 
Alright let us come back together. So actually, I hadn't expected this 
idea, but I liked Olivia's one from a while ago related to a previous lab 
we did. Actually, at this location you are expecting what type of rock is 
happening? 
Olivia: Metamorphic? 
Mr. M: Metamorphic, nice connection. Cause all the stuff you guys came up 
with said, "hey, where we're pressing on rocks and stuff we get those 
patterns in metamorphic rock”. Cool. And then I pushed her to say a 
little bit more about plates, I think what they came up with (Olivia and 
her table mates) for plates is what you guys came up with, (points to 
back table) but I'm gonna to go with somebody new. What did you 
think was going to happen? (Mr. M takes a step and points to Storm).  
 
Mr. M communicated all four epistemic messages in his first extended turn of talk, which 
was a pattern I observed in his longer signposting turns throughout the unit. In the first turn, Mr. 
M communicated Everyone’s Ideas are Valued. He remarked that Jerry’s idea about trenches 
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was interesting and worth investigating, and repeated this message at the end of the turn, when 
he emphasized that he liked Olivia’s idea about metamorphic rock. The message We Build 
Knowledge Together is also communicated in two ways in this turn, first when Mr. M refers to 
collective knowledge building by using the words “us,” and “we,” and secondly when he 
emphasizes this idea by using small group work to structure participation (e.g., talk in groups). 
Mr. M also communicates the message Knowledge is Built Incrementally and Can Change when 
he emphasizes that while they will work with someone else’s model, they don’t rely on other 
people’s models saying: “I like us to figure stuff out,” one variation on this message. He also 
communicates this message when he displays uncertainty saying, “I can’t tell granite from basalt, 
whatever that is” when deemphasizes definitions turning the student’s attention instead to the 
properties of the plate as a source that will help them explain.  
In the final turn of this episode, Mr. M delivers the Students Are Knowledge Builders 
message by asking Olivia a directed question that connects to her previous experiences during a 
lab activity. In this same turn, he also communicates that her idea was shared by others in the 
classroom, communicating the We Build Knowledge Together message. This turn serves as one 
example of co-occurring horizontal and vertical messages, the pattern of interest in the next two 
excerpts from the same conversation. 
Episode 3: Communicating Co-Occurring Horizontal and Vertical Messages 
Excerpt 1: Communicating the students are knowledge builders message. 
In this excerpt, Mr. M asks Storm a series of questions about density. These questions 
help Storm develop a deeper understanding of how the density of the plates is related to plate 
convergence. Initially, Storm struggles to work out the relationship and changes his mind in the 
course of the discussion. With help from Mr. M and other students, Storm shared his ideas which 
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help set they develop a collective understanding. In this excerpt, the Students are Knowledge 
Builders message is clearly communicated.  
Storm: We said that, that we could predict that the two um, the plates would 
make new ones because of the, the intense density. 
Mr. M: Yeah, how- so what's density going to do? Why's that important? 
Storm: There is a difference. 
Mr. M: Well they are different. OK. Tell us more what you’re thinking about. 
Storm: We were thinking that their [inaudible) because of density could 
(inaudible) 
Mr. M: Okay, so if you run it, you’re going to see them like doing this (hand 
motions) bam. 
Storm: Well we think that one would be higher or lower because of the 
density. 
Mr. M: Oh, which one would be higher? 
Storm: I don't know. The basalt. (pronounced as BAEsailt) 
Mr. M: Okay, and because that number is um, tells you what? Is that more or 
less dense? 
Storm: More dense. 
Mr. M: Okay, so the more dense stuff is going to be higher up? You guys 
agree? (points to Lisa) 
Students: No.., uhm… (classroom chatter) 
Mr. M: Oh, I gotta, I gotta straighten this out (Mr. M makes arm gestures, and 
is smiling and animated) 
Storm: Reverse it. 
 
This exchange began when Storm suggests that the plate density data helps explain plate 
convergence. Mr. M communicated the Student are Knowledge Builders message, and responded 
with a directed question, asking why density was important, to which Storm replied there is a 
difference. Mr. M delivered the Everyone’s Ideas are Valued message by revoicing his idea that 
the plates were different, and then asking him to say more about his idea. Storm responds with 
more clarification, and Mr. M revoices his idea again, this time “revoicing” his idea by using a 
hand motion that represents the two plates coming together. Mr. M communicates the Students 
are Knowledge Builders message when he asks Storm which plate would be higher (when they 
collide with each other), engaging him in the intellectual knowledge building. Through a series 
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of directed questions, Storm works out that basalt (which he mispronounces suggesting that is in 
unfamiliar with the term) has higher numbers, and that these numbers mean a higher density, but 
then states that this means the basalt would be higher up in a plate collision (which would mean 
that it is lighter not denser). Rather than correct him outright, Mr. M first revoices his idea, and 
then points a table of students and asks if they agree, delivering the Student are Knowledge 
Builders message concurrently with the We Build Knowledge Together message. The students 
reply no, but not authoritatively, and there is classroom chatter. Mr. M, who has been sitting on 
the edge of table on the side of the room, gestures demonstrably, and says smiling and in a 
friendly voice that “he’s gotta straighten it out,” while Storm says almost simultaneously to 
“reverse it” as he realizes that the denser plate should be on the bottom. Mr. M responds in a 
non-evaluative tone, reflecting that Storm changed his mind, and asks him to restate his idea. 
This turn is an important one for the communication of messages, where both the Everyone’s 
Ideas are Valuable message in tandem with the Knowledge is Built Incrementally message are 
delivered, this time emphasizing that ideas change, and can be revised. In this series of turns Mr. 
M communicated both horizontal and vertical messages in coordination so that the students 
engaged in the intellectual work to arrive at the answer. This pattern is replicated again in the 
next excerpt, where Mr. M communicates both horizontal and vertical messages in tandem to 
facilitate student knowledge building. 
Excerpt 2: Communicating the message knowledge is built incrementally.  
 
The conversation continues in this episode. Mr. M confirms that Storm changed his mind, 
and infers by his tone and physical positioning that there is no need for him to correct anything. 
He asks Storm to revoice his idea, which he does. However, when he revoices his idea, he says, 
“Granite would be lower because it’s less dense,” he still has the relationship misrepresented 
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(The basalt is more dense and should be below granite which is lighter). A number of students’ 
hands shoot up in the classroom at this point, likely because they want to clarify his statement. 
The majority of the class appeared engaged in the conversation, turned toward Mr. M and Storm 
who are both seated on the same side of the classroom. Mr. M slower repeats what Storm said in 
an even tone, and pauses while Storm replies, “Yeah, it’s all pressed down.”  
Nora, who is seated next to Storm and was part of his group when discussing the data, 
erupts excited and says “No” emphatically, and they engage in a rapid and largely inaudible 
exchange. The exchange ends with Storm revising his ideas and agreeing with Nora, responding 
to Mr. M and the class, “Yeah, Granite would be higher.” Mr. M asks him to restate his idea 
again, because he “may have changed his mind,” and Storm does, capturing the relationship 
accurately. Mr. M restates the idea, emphasizing the relationships as he speaks, and then asks the 
class if that relationship maps to what they know about continents relative to oceans. The 
students respond yes loudly and in unison. Mr. M responds that they have identified an 
interesting pattern that might be important. He starts to explain why that pattern might be 
important, but stops short of finishing this statement and instead asks the students what they 
think will happen next. Storm replies that one plate will sink. Mr. M again says “interesting,” and 
then asks the class if others had the same idea. More than half the students raise their hands, and 
Mr. M suggests hearing some arguments from the groups about why a plate would sink. He 
points to a couple of different tables at the back and side of the room and then points to Nora and 
says, “Go.” 
Mr. M: Oh, you just changed your mind, okay. So, tell us again. 
Storm: The granite would be lower because it's less dense. 
Mr. M: Granite would be lower, because it is less dense.  
Storm: Yeah, it's all pressed down. (crosstalk) 
Nora: No, (inaudible but animated discussion) 
Storm: Yeah, Granite would be higher… 
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Mr. M: Okay, just say it loud, because you may have changed your mind.  
Storm: Granite would be higher, and basalt would be lower 
Mr. M: Okay, so granite, continents, would be higher than basalt, which is 
ocean. Question, are the continents higher up than the ocean at the 
bottom? 
Students: Yes 
Mr. M: Okay, cool. That explains something, that's kind of cool. Might be 
why they're different depth (makes a comparison with his hands next 
to each other showing one plate above the other). Okay, but what 
about when they sorta run into each other, What's going to happen? 
Storm: One's gonna s-, one's going to sink. 
Mr. M: One's going to sink. Interesting, how many of you said one of them is 
gonna to sink? (lots of students raise their hands) Oh, your group did, 
I know. But I- I-, No, you guys didn't mention it? Okay. So, let's hear 
their arguments about why it's going to sink. Do you guys want to 
share, (gestures to the back and side of room, and then points to Nora) 
or you? Go. 
 
 The main pattern in the delivery of epistemic messages here is that the vertical messages, 
Student are Knowledge Builders, and Knowledge is Built Incrementally are delivered in tandem 
with the horizontal messages, We Build Knowledge Together and Everyone’s Ideas are Valued. 
In this excerpt, Mr. M foregrounded the idea that modifying your ideas is a part of the 




CHAPTER 6: DISCUSSION AND IMPLICATIONS 
With this dissertation, I endeavored to identify and operationalize the epistemic messages 
communicated discursively by an experienced teacher in the classroom. Such epistemic 
messages impact how students make sense of what kind of knowledge is valued and supported at 
school, which plays a key role in how they engage in learning in the science classroom (e.g., 
Berland & Hammer, 2012; Engel, 2006).  
 As such, the communication of epistemic messages may serve as one important tool 
teachers can leverage to shift intellectual authority to the students. To do this work, I build on the 
theoretical construct of epistemic messages: the expectations that are communicated in relation 
to what it means to know and learn, and what is valued as knowledge (Russ, 2018). Through 
careful microgenetic analysis of moment-to-moment teacher-student interactions, I empirically 
operationalized and extended this construct by richly characterizing the epistemic messages 
communicated by one experienced teacher in his 8th-grade science class. This analysis addressed 
the following research questions: (1) What are the epistemic messages the teacher communicates 
in the classroom? And, (2) How do the messages play out in the classroom to frame the learning 
environment?  
I investigated these questions by analyzing video records of classroom discussion during 
a total of 15 class periods spanning the beginning, middle, and end of a four-month earth science 
unit. I identified, and then empirically characterized, the epistemic messages that Mr. M 
communicated and examined how they were enacted in the classroom.  
This dissertation highlights the complex and constant messages a teacher communicated 
during the enactment of a science unit, and how the implicit messages worked to support student 
knowledge building.  In the following sections I discuss my conclusions about the nature of the 
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epistemic message delivery, and interpret these conclusions in terms of implications for what it 
means to support students’ knowledge building in the classroom and to position students with 
intellectual authority. I first briefly summarize the study findings and then describe some key 
implications of the work.  Next, I suggest future research and instruction for education 
researchers and science instructors, followed by study conclusions. 
Characterizing Epistemic Messages 
 In this dissertation, I identified four epistemic messages, We Build Knowledge Together, 
Everyone’s Ideas are Valued, Students are Knowledge Builders, and Knowledge is Built 
Incrementally. These messages offer empirical evidence of the theorized construct of epistemic 
messages, the beginnings of an “empirical answer” to Russ’ theoretical construct. In this process, 
I analyzed how the messages played out over the course of the unit, first by richly characterizing 
them, and then sorting, grouping, and quantifying the messages I identified to detect patterns in 
their communication. Guided by my analysis, I used the term socio-epistemic messages to 
emphasize that these messages communicated normative aspects of students’ (social) 
participation relative to knowledge building. I suggest that these messages highlight the 
relational nature of knowledge building in two different ways (Figure 6.1).  
The messages Everyone’s Ideas are Valued, and We Build Knowledge Together 
emphasized the relational aspects of knowledge production, in terms of how the students were 
expected to participate collectively in knowledge building relative to each other. I refer to these 
messages as horizontal messages, to underscore that the knowledge building activity is between 
learners.  I refer to the other two messages Students Are Knowledge Builders, and Knowledge is 
Built Incrementally, as vertical messages because these messages position the students in relation 
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to their ideas, emphasizing the relationship between the learner and the knowledge they are 
building.  
By distinguishing the messages along a vertical and horizontal dimension, I have created 
a preliminary framework that allows instructors to think about when they communicate 
horizontal messages to students and when they emphasize vertical messages. Further, organizing 
the messages across these open-ended dimensions paves the way for mapping other kinds of 
epistemological messages in other contexts.  
 
Figure 6.1. Socio-epistemic messages communicate the normative expectations of participation 
in knowledge building. Horizontal messages communicate expectations for participation in 
knowledge building between learners. Vertical messages highlight the relationship between the 
learner and the ideas they are considering. 
 
Implications 
Implication 1: Messages are Frequently and Consistently Communicated   
The implications of this framework become clearer when the frequency with which these 
messages were communicated is also considered, which is the first major implication of the 
study. I found that almost 80% of Mr. M’s turns of talk contained at least one epistemic message, 
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and that almost 40% of his turns contained two or more messages, which demonstrates how 
routine the expression of epistemic messages was. While previous research has underscored the 
importance of the epistemological dimension of teaching (Rosenberg et al., 2008; Berland et al., 
2016; Sandoval, 2005), none of these studies addressed how often such messaging occurs in 
teaching. This current study points to the ubiquity of such messaging and illustrates what it looks 
like for messages to be continually and dynamically negotiated through interaction.  This study 
demonstrates how epistemic framing was constantly reinforced and maintained so that 
epistemological signals were embedded within the fabric of the classroom interaction, not just at 
key moments. We see that the majority of Mr. M’s turns of talk served to structure participation 
between learners, and between learners and their ideas. These messages were continuously 
conveyed and with subtle variations in their expression, providing guidance to students about 
how to participate in knowledge building. Moreover, these messages were communicated in 
complex combinations that supported students’ intellectual authority.  
These messages were identifiable, often operated in tandem, and were consistently 
embedded in the classroom discourse, and were discernable across the class periods, the lessons, 
and the unit. While multiple messages were communicated in the launching and closing 
statements, epistemic messages were most often communicated selectively and used strategically 
in the turn-by-turn talk. This study highlighted that framing happens constantly and consistently, 
and is threaded throughout instruction, by providing guidance for students to participate in 
knowledge building as a knowledge constructors.   These messages were delivered responsively, 
based on the direction the class conversation took, and demonstrate what it means for framing to 
be interactively constituted by a classroom community. 
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The ubiquity of this teachers’ use of epistemic messages is significant for student 
learning in that it provided students with multiple opportunities to negotiate their position. 
Because these messages were implicitly embedded in everyday activity, essentially every 
interaction with the teacher could be considered a negotiation of positioning. Repeated 
opportunities for students to actively engage in their learning and take ownership move us closer 
to the ultimate goals of science teaching, which is to make students authors of their own learning.  
Implication 2: Framing is Continuously (Re)negotiated 
My analysis highlights the dynamic and negotiated nature of framing over time. These 
socio-epistemic understandings are continually regenerated and modified by the teacher and his 
students through ongoing interactions that frame classroom activity. Much of the science 
education literature has focused on epistemic framing, or how students’ understandings about 
knowledge and knowledge production guide classroom interactions and impact student learning 
(e.g., Berland & Hammer, 2012). In large part, this work has focused on particular focal 
moments in the classroom that illustrate, for example, student transfer (Engle, 2006), how 
students engage in argumentation (e.g., Berland & Reiser, 2011), or the conceptual substance of 
student ideas (Scherr & Hammer, 2009).   
My analysis similarly identified high-impact focal moments in the classroom, where Mr. 
M framed the class by providing context and instruction around the tasks the students were asked 
to accomplish. These moments, much like the episodes described in prior work, frequently 
occurred at the beginning of the class as he was launching a task or when he paused the class to 
synthesize what they had accomplished together at the end of an activity. These moments were 
also often characterized as message “hotspots” or were “message dense,” meaning three or four 
messages were communicated in the same turn of talk. This overlap is unsurprising. It makes 
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sense that a teacher would communicate both his procedural and epistemic expectations during 
task launching statements, which serve to communicate the larger goals and aims as well as 
provide needed details on the task at hand. However, what was striking in my analysis, was that I 
could trace the epistemic framing of the classroom in the moment-to-moment interactions 
between Mr. M and the students and examine how the classroom frame was developed and 
constantly negotiated. In other words, I could see how the teacher continued delivering implicit 
messages that mirrored the initial framing in the turn-by turn-interactions with students that 
followed. 
This continuity between explicit and implicit messages reinforces and amplifies the 
message being sent.  Not only is the teacher communicating, for example, that “All ideas are 
valued,” explicitly, the teacher is also showing students what it means for all ideas to be valued 
in how he implicitly communicates that to them through the nature of his interactions. 
Implication 3:  Epistemic thinking is not just disciplinary: Vertical and horizontal 
messages are communicated in tandem  
Previous classroom investigations that have focused on epistemic thinking have had a 
mostly disciplinary focus, examining how students engage in scientific practices (e.g., Krist, 
2016).  These studies have provided important and timely information relative to supporting 
science learning in the classroom by investigating how students engage in disciplinary practices 
like justifying claims from evidence (Sandoval & Millford, 2007), reasoning though 
argumentation (Berland & Reiser 2011), or by developing explanatory models (Passmore et al., 
2014). This dissertation extends what we know about epistemic thinking in science by 
demonstrating that epistemic messages are not just linked to knowledge building (vertical 
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messages), but are also linked to how students are to interact in relation to one another 
(horizontal messages); and that these two types of messages are often intertwined.  
I posit that these socio-epistemic messages provide the “connective tissue” around 
disciplinary epistemologies that offer the structure to support and develop students’ knowledge 
building in real-time. These horizontal messages set up the normative expectations for how 
students should engage with each other in the service of knowledge building. How students 
should relate to each other appears to be an important component of knowledge building, 
perhaps a precursor for knowledge building work.   
For example, the message Everyone’s Ideas are Valued was communicated almost three 
times more frequently in lesson 1 than in lesson 10, while We Build Knowledge Together was 
communicated consistently across the unit. I posit the message Everyone’s Idea is Valued, which 
communicated that students’ ideas were important and should be shared publicly and set the 
stage for knowledge building work. This message expressed when Mr. M used metadiscursive 
descriptors like “That’s a great idea,” or “say more” or when he revoiced students’ ideas, was 
frontloaded in the unit, then gradually faded in frequency. This suggests, perhaps, that students 
came to understand these general social expectations for participation.  
The way Mr. M coupled his usage of these two messages suggests the importance of 
beginning with a horizontal message like Everyone’s Idea is Valued. By communicating to 
students that their ideas are valued in the first lesson, Mr. M ensured students were positioned to 
contribute to classroom activity at the start. By also consistently communicating the message We 
Build Knowledge Together, he provided guidance for just how those contributions could be 
shared collaboratively. In this way, Mr. M created a stable classroom environment where 
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students could engage as knowledge builders, laying the groundwork for them to engage more 
deeply with their ideas.   
The vertical messages Students are Knowledge Builders and Knowledge is Built 
Incrementally reinforced how students should engage with the ideas that they are considering 
while doing intellectual work. Vertical messages work to guide students in scientific knowledge 
building by linking them into the intellectual questions the class is working to understand. Take, 
for example, the message Knowledge is Built Incrementally and Can Change. One way this 
message was communicated was by the teacher explicitly acknowledging that he is uncertain 
about an answer, implicitly communicating that changing one’s mind is how we figure things 
out.  An additional way that Mr. M communicated that Knowledge is Built Incrementally was by 
imbuing these ideas into how he structured students’ interactions and the nature of their 
conversations. This meant that the epistemic messages communicated in his talk were then 
realized through the structure of classroom activities. Importantly, these activities invited 
students’ participation and set them up to drive learning in the classroom.  
This coupling of horizontal and vertical messages works to develop a classroom culture 
where students engage in both the epistemic and social aspects of science which is in alignment 
with contemporary aims for science instruction (Duschl, 2008). I suggest that these horizontal 
and vertical messages about learning complement and work in tandem to support more specific 
disciplinary goals, and highlight an important relational dimension to knowledge building. 
 Future work that examines activity in the science classroom and tracks both the socio-
epistemic messages communicated and their relationship to more disciplinary epistemologies 
would help to solidify this conjecture. Future work could also investigate the conjecture that the 
role the socio-epistemic messages play is foundational, in that they set up the conditions for more 
 115 
disciplinary and complex knowledge building to take place. My findings suggest this, but 
incorporating an additional layer of analysis that identifies students’ disciplinary epistemologies 
(Berland et al., 2016) would help to elucidate the relationship between socio-epistemic messages 
and the development of more disciplinary understandings.  
By skillfully using both horizontal and vertical messages together in his talk and in the 
enactment of class activities, the teacher supports students’ knowledge building by providing the 
“connective tissue” that guides their social interactions as they interact intellectually. These 
messages help to structure expectations in terms of how the students relate with each other and 
how they engage with the ideas they are constructing together.     
Implication 4: Messages are Responsive 
A fourth implication of this work follows from how these messages were integrated 
throughout classroom instruction. Current reforms in science education (NRC, 2012; NGSS Lead 
States, 2013) focus instruction around supporting students’ questions and ideas.  To carry out this 
type of instruction, a teacher must responsive to students’ ideas (Colley & Windschitl, 2016; 
Windschitl & Barton, 2016).  This can be a challenging goal for teachers, as they have to balance 
supporting students’ understandings as well as work to figure out new ideas while also managing 
the various possible paths a lesson might take (Manz & Renga, 2017; Manz & Suárez, 2018; 
Watkins, Hammer, Radoff, Jaber, & Phillips, 2018).  Knowing when and how to respond to 
students in ways that both support their intellectual growth and position them to do the 
intellectual work is challenging. It requires careful attention to students’ thinking and flexibility 
to help them navigate through uncertainties (Colley & Windschitl, 2016).  As an expert science 
teacher, Mr. M. navigates these complex spaces by responding in-the-moment to students’ ideas, 
supporting students to take on the intellectual work in the classroom. Mr. M accomplishes this by 
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allowing students ideas and questions to lead their investigations.  Mr. M is responsive, for 
example, when he modifies instruction in response to students’ ideas. In one instance, he 
extended a session where students were drawing models on the boards at the front and back of 
the room so that all students that wanted to share their ideas could do so. In another instance, 
after recognizing that students were uneasy about presenting their ideas publicly, he pushed back 
student presentations allowing students to do additional research on their final case study topics 
before presenting their cases to the rest of the class.   
Another way Mr. M honors students’ ideas is by taking on a disposition as a learner who 
is also grappling to make sense of the collective phenomena central to the class investigation. For 
example, in response to a student’s idea about how volcanic activity influences weather, Mr. M 
acknowledges the idea and expresses his own curiosity about the connection. In doing so, he 
honors the student’s view, adding to it while maintaining a focus on the student ideas. 
There are few examples in the literature that provide a clear vision of teaching that 
simultaneously promotes rigorous disciplinary activity and is responsive to all students. 
Maintaining rigorous yet responsive instruction is a laudable goal touted by teachers and 
researchers, yet there is no clear consensus of how this actually accomplished in a classroom 
(Thompson et al., 2016). This dissertation provides one such image of practice, articulating in 
detail how this goal might be realized. When Mr. M responds to students, he is not just 
responding to the conceptual substance of the students’ ideas. He is also responding to the socio-
epistemological dimension of what is happening in the classroom and how he wants the students 
to relate to each other, and to the knowledge or ideas they are considering. This is an extra layer 
adding to what is focused on in responsive teaching. This dissertation operationalizes messages 
and articulates how messages are delivered continuously and responsively deployed. My analysis 
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identifies an additional nuance or layer of what a teacher attends to when supporting student 
knowledge building and highlights the relational aspects of knowledge production.  
Recommendations for Education Researchers 
The main contribution and goal of this dissertation was to identify and operationalize the 
epistemic messages communicated in the classroom, which up until this point remained a 
theoretical construct.  I used the lens of framing to identify the implicit messages delivered in a 
dynamic classroom context and provided empirical evidence of the existence of these messages. 
In addition, I described how they were used in combination and in complex ways by one teacher 
to structure his learning environment. These initial characterizations begin to fill in the vivid 
picture of classroom activity and show how such activity is structured.   
Identification of these messages, then, offers the first step toward answering the larger 
question of interest that motivated the identification of epistemic messages in the first place: 
How does the communication of epistemic messages impact students’ learning? A large body of 
research has shown that how students understand their role in the classroom influences how they 
participate (e.g., Berland & Hammer, 2009; Engle,2006; Rosenberg et al., 2006; Scherr & 
Hammer, 2009; Hammer et al., 2005; Oliveria, Cook, & Buck, 2011; Redish, 2004; Russ & 
Luna, 2013; Russ, 2018). This study contributes to this body of work by offering an empirical 
way to study how students come to understand how to participate as learners, and how these 
roles shift dynamically through moment-to-moment interaction. Importantly, careful study of the 
epistemic messages in a classroom also gives us insight into how epistemic messaging is used 
through interaction in real-time to shift those roles. Said another way, close analysis of the ways 
in which epistemic messages are conveyed may help researchers (better) design for the kinds of 
learning environments we want to see, using epistemic messages as a lever in the design process. 
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In addition to investigating how students take up epistemic messages, future research 
should investigate whether and how teachers communicate epistemic messages across a variety 
of classrooms. For example, do other teachers communicate the same messages, but deliver them 
in different ways? Or do teachers communicate different messages entirely? While the likely 
answer to both questions is yes, studying the types of messages teachers communicate and how 
they communicate them would be fruitful, and connects to the call for teachers to pay attention 
and respond to students’ ideas during instruction (e.g., Manz & Renga, 2018; Windschitl et al., 
2011). Combining this strategy with concurrent analysis of student knowledge building could tell 
us, for example, if one particular message was used effectively across classrooms or if a 
particular combination of messages supported student learning. 
This study also suggests that further characterization of both horizontal and vertical 
messages and how they are communicated in tandem could be productive. For example, this 
study found that the expression of Everyone’s Ideas are Valued was communicated frequently 
during the unit, and more often at the beginning. On the other hand, the other horizontal message 
We Build Knowledge Together was consistently, but less frequently, communicated across the 
unit from beginning to end. Future research should explore how these relationships impact 
student learning. 
Further unpacking these messages is another productive avenue for future work. The 
vertical message Knowledge is Built Incrementally may be a particularly fruitful area for 
elaboration. This message was communicated least frequently, but was also the most complex 
message I characterized. It was also the most “embedded message” in classroom activity, 
identifiable in the way that the class was structured, the way the tasks were enacted, and in the 
nature of the conversation Mr. M facilitated in the class. Further characterization of this 
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particular message is warranted, because it maps to what we want students to understand about 
the nature of science (e.g., McComas & Nouri, 2016) and because it ties into current research 
around how to support students and teachers negotiating scientific uncertainty in the classroom 
(Chen, Benus, & Hernandez, 2019; Manz & Suarez, 2018; Watkins et al., 2018). In sum, my 
analysis suggests that the communication of both horizontal and vertical messages plays an 
important and sometimes complex role in framing the classroom. The expression of these 
messages in enactment deserves further study.  
Recommendations for Instruction 
Current science reforms call for teachers to develop learning environments where 
students take on the intellectual work. However, cultivating these environments is challenging 
for teachers because they are pushing against the traditional structures of schooling and because 
previous emphases in science instruction focused on facts and process skills (Pruitt, 2014) rather 
than supporting students to take on the intellectual authority in the classroom. This is a tall order 
for even the most reform-minded teacher who agrees with the new science standards, but has 
very few examples from which to draw. This is especially challenging when the teacher is trying 
to develop learning environments that both respond to students’ ideas and maintain an 
academically rigorous classroom community (e.g., Colley & Windschitl, 2016).   
The goal of this dissertation was to identify and characterize the epistemic messages one 
teacher communicated in the classroom, with the underlying premise that what and how a 
teacher communicates to students impacts how students respond and participate. My findings 
suggest that teachers can shift how their students participate by thinking about the epistemic 
messages they communicate, and then sending out messages that align with the kind of 
participation they hope to achieve.   
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A recommendation from this is research is to use the socio-epistemic framework of 
vertical and horizontal messages as a reflection tool for teachers to begin identifying and 
reflecting on the messages they send, and to consider more intentionally the messages they want 
to communicate. While this study identified four epistemic messages, the goal of instructional 
support for teachers is not to necessarily ask teachers to mirror the messages identified in this 
study but to help teachers identify the messages in their own practice and modify accordingly.  
The second important point is that many of the tools and strategies that teachers are 
already using, like group work or talk moves, can be used in the service of delivering epistemic 
messages. As the hotspot analysis (the second findings chapter) illustrated, epistemic messages 
are (or can be) imbued in the way tasks are structured and through curricular enactment. 
Showing teachers that they can amplify the messages they want to send, or modify those 
messages they identify as problematic, by using the tools they are already familiar with is a 
productive way to support teachers.  
Asking teachers to think about the messages they send in the classroom has (hopefully) 
positive repercussions in terms of students taking up intellectual authority, a central part of the 
argument I made when proposing this dissertation. Thinking seriously about the messages that 
are sent in the classroom also has deep implications for the call and concern for equity. This 
study has shown that epistemic messages frame the classroom—the messages we send about 
what kind of knowledge is valued in the classroom also inherently communicate who has space 
in the classroom and whose idea’s count (Haverly et al., 2018; Ko & Krist, 2018). 
Conclusions 
Developing a classroom community where students' ideas are central, and students are 
positioned to do the intellectual work, is a principal goal of current education reform efforts. We 
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are expecting a great deal of teachers when we ask them to develop and sustain classroom 
environments that are centered around students' inquiries—where students have the intellectual 
authority to shape the direction of the learning in the classroom. This "ask" is a challenging one 
that requires teachers to intentionally work against the structures of traditional schooling when 
they enact curriculum in their science classrooms. Achieving this requires teachers to re-
distribute authority so that students' have substantive intellectual power and involves a big shift 
from conventional instruction. 
The Framework for K-12 Education, and the Next Generation Science Standards that 
followed, outline what this kind of instruction can look like; and a rich body of previous research 
points to examples of how teachers and students have achieved this vision of science learning in 
the classroom. However, less is known about how teachers structure the classroom to enact this 
vision. We still have much to learn about how these complex environments are developed.  This 
study contributed to our understanding by conducting an empirically based analysis that showed 
how one experienced teacher accomplished this is through his delivery of epistemic messages 
that frame the classroom and that are communicated and reified through moment-to-moment 
interactions.  
 Importantly, this study extends the theoretical construct of epistemic messages, building 
on the original work by Russ (2018). Identifying these messages and characterizing how a 
teacher delivers them is important because how students interpret their role relative to the 
intellectual work in the classroom impacts the way they participate. Understanding how a teacher 
develops a learning environment where students participate with intellectual authority has 
important implications for both teacher and student learning. Careful investigation of how 
epistemic messages are made visible through instructional and social processes extend what we 
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know by demonstrating how they are delivered in the classroom. Findings from this study further 
our theoretical understanding of epistemic messages, providing both empirical evidence of the 
construct and a context that considers the activity of the classroom. This study’s findings will 
also support efforts to provide real guidance to teachers who aim to develop classrooms where 
students hold intellectual authority. New understandings from this study can inform professional 
development opportunities and shape future instructional supports to help teachers shift their 
instruction so that students are actively engaged in their science learning, where their ideas drive 
the course of instruction, and students do the intellectual work in the classroom. Supporting 
students as “knowers” in the classroom inherently sends epistemic messages about who has 
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